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NOMENCLATURE

Ajk added mass coefficient

B jk damping coefficient

Cjk restoring coefficient

CL lift curve slope

C(k) Theodorsin's function

F1 excitation force or moment on a single foil element

F. exciting force or moment of hydrofoil system3

I. moment of inertia3

ljk product of inertia

K2  wave number

L total lift on foil element

Mmoment on foil element

U ship speed

VN normal velocity on foil element

W orbital wave velocity normal to foil element

ZG VCG in body system

X, Y, Z foil element's midpoint in body frame

aj motion amplitude

b span of foil element

c chord of foil element

g gravitational acceleration

h depth of foil element
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NOMENCLATURE (continued)

1 lift on foil of infinitesimal span

k reduced frequency

m mass

mjk generalized mass

n unit vector normal to foil element's midpoint

r position vector in body fram

t time variable

v velocity in body system

v 0velocity in inertial system

x, y, z body coordinate system

Xot Yo' z0  inertial coordinate system

r dihedral angle of foil elemen,t

angular rotational velocity

phase lagJ

wave amplitude

Ij motion displacement

A wavelength

0 heading angle

p water density

W wave frequency

We wave encounter frequency
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ABSTRACT

A description of a motion prediction computer program for a hullborne hydro-

foil is presented. This program computes the six-degree-of-freedom

(6DOF) hydrofoil craft motions for a craft advancing at a constant

forward speed, less than the critical "lift-off" speed, with arbitrary

heading in regular waves. The structure of the program consists essen-

tially of the already existing "DTNSRDC Ship-Motion and Sea-Load Computer

Program" modified to incorporate the foil and strut system of a hydro-

foil craft. Presented in this report is a brief discussion of the

mathematical model, input information pertaining to the hydrofoil and

a discussion of the results. Tne Appendicies present a listing of the

foil coefficients, data card format description for the original program,

and a program listing.

ADMINISTRATIVE INFORMATION

This project was funded by the Hiqh Performance Vehicle Hydromechanics

Proaram of the Ship Performance Department, David W. Taylor Naval Ship

Research and Development Center, under Work Unit Number 1-1507-200.
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INTRODUCTION

A description of the "DTNSRDC Hullborne Hydrofoil Motion Prediction

Computer Program" is presented in this report. It predicts the motions

for a hullborne hydrofoil craft in six-degrees-of-freedom (6DOF) advancing

at a constant forward speed in the displacement mode with foils extended,

at an arbitrary heading in unidirectional regular waves. The program is

an adaptation of the already existing "DTNSRDC Ship-Motion and Sea-Load

Computer Program", based on the theory by Salvesen, 
Tuck, and Faltinsen

1 *

which was developed for the prediction of the motions and dynamic loads

of conventional displacement type hulls and is utilized for planing hulls

in the displacement mode as well. The program modifications consist basic-

ally of the insertion of the equations of motion for the foil and strut

system of a hydrofoil vessel. The linearized hydrofoil terms, derived by

the incorporation of Theodorsen's unsteadiness effects into a three dimen-

sional quasi-steady formulation are superimposed on the already computed

hull excitation forces, added mass, damping and restoring terms. This tech-

nique has been successfully used by R. T. Schmitke who developed two computer

programs which determine the motions of a hullborne hydrofoil in single

headings; one in head seas 2 and the second in beam seas.

The hull related input information for the modified program remains

identical to the original program, "DTNSRDC Ship-Motion and Sea-Load Com-

puter Program" 3. The remaining required input all pertains to the strut-

foil system.

*References are listed on page 21.
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The modified program output presents, as in the original program

for ship-motions, the amplitudes and phases in surge, sway, heave, roll,

pitch and yaw for a given set of wave frequencies and a specified set

of forward ship speeds and headinqs. Optionally, one can obtain the

two sets of coupled differential equations of motion in matrix form;

one for surge, heave, and pitch and the other for sway, roll and yaw.

Each set is given for the hull portion, the foil-strut portion, the

combination of the two, and the final inverted matrix with the solutions.

Both sets are for the minimum specified frequency.

MATHEMATICAL MODEL

BASIC ASSUMPTIONS AND LIMITATIONS

The analytical model for determining the motions of a hullborne hydro-

foil craft is derived by adding linearized hydrofoil terms to the strip

theory obtained hull terms. The major assumptions and limitations are:

(1) the craft is traveling in a straight line at a constant

forward speed and arbitrary heading in unidirectional

regular waves

(2) the craft responds linearly and harmonically to regular

wave excitation

(3) wave excitation amplitudes are small with correspondingly

small craft displacement amplitudes from equilibrium

(4) all viscous effects are negligible except for the hull

portion of the craft in roll

3 *



(5) both the craft's beam and draft are much smaller than

its length

(6) the craft is laterally symmetrical

(7) dynamic lift attributable to the hull's planing surfaces

is insignificant

(8) interaction between the hull and hydrofoil system is

negligible as is the interaction between the foil elements

(9) the hydrofoil system's contribution to craft surqinq is

negligible

(10) the foil system is divisible into a set of rectanqular foil

el ements.

EQUATIONS OF MOTION

The conventions used in the hullborne hydrofoil craft motion program are

the same as the "DTNSRDC Ship-Motion and Sea-Load Computer Program".

The following will briefly restate the definitions used. As shown in

Figure 1, the vessel oriented,right-handed coordinate system is defined

to have its origin in the plane of the undisturbed free water surface.

The positive z axis is vertically upward passing through the craft's

center of gravity, and the positive x axis passes through the craft's

stern. The vessel is considered to be traveling at a constant forward

speed (the negative x direction) with arbitrary heading in regular

sinusoidal waves. The heading angle ij is defined to be 0 degrees for

following waves and 180 degrees for head waves as illustrated in Figure 2.

Encounter frequency w e to which the vessel will respond is

- --- . -~ -4
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Where U is the forward speed of the ship, circular wave frequency

w=/27g/x, g is the gravitational acceleration, and x is the wavelength.

With the assumption that the motions are linear and harmonic, the

motion displacements are

= a. cos(wet - c.); j = 1, ... ,6 (2)

where a. is the amplitude and cj is the nhase lag of the motion with

respect to the maximum wave elevation above the origin. The subscripts

j = 1.. .6, refer respectively to the translatory displacements of surge,

sway, and heave and the angular displacements of roll, pitch, and yaw.

Following from the above assumptions, the six linear coupled differential

equations of motion can be written in complex form as:

66 (mjk + A.k k  + Bjkqk + Cjknk] : Fe-t; j I,...6 (3)

k=l

where 9k are the components of the craft's generalized mass matrix, Aik

are the added-mass coefficients, Bjk and Cjk are the complex damping

and restoring coefficients and F. are the complex amplitudes of the

exciting forces and moments.

For a hullborne hydrofoil craft as well as for a conventional dis-

placement hull the six coupled equations of motion can be separated into

two sets of equations. With the exclusion of hydrostatic restoring

coefficients that are equal to zero for both the hull and foil system,

5



the first set of three coupled equations of motion in surge, heave,

and pitch are

Surge (A11 + hn) 1i + BIn1l + A 13 n3 + B13;3 + As15"5 + B151*5

-i=,, t (4)F Fe e

Heave A31 r11 + B3 1 ;1 + (A33 +m )n3 + B3 3; 3 + C33 ' 3 + A35r.

•~ = w3 , t (5)
+ B35n15 + C35"5 = F3e e

Pitch A51;;l + B5 1 ; + A5 3n3 + B53 n3 + C5 3 r 3 + (A55 + 15)rI

+ B55, + C5 5  F eie (6)
S 55 5 = 5 e (6)

and the second set of equations are

Sway (A22 +m) ) 2 + B22;2 + (A24 -mZG )n + B n4

+ + 24 F e ~
+ A26n6  26 = F2eet (7)

Roll (A42 -nZG) q2 +B 42n2+ (A44 + 14 )n4 + (B44 + B4)n4

+ C440 4 + (A46 - 146)N6 + B46;6 + C46n6  = F4 e iwet (8)

Yaw A62n2 + B62;2 + (A64 - I46)n4 + B64n4 +64

+ (A66 + 16)h 6 + B66;6 + C66 6  F 6 eet (9)

6



r
where m is the vessel's mass, ZG is the location of the vertical center

of gravity on the z axis, I. is the moment of inertia in the jth M.-de,
3l

and Ijk is the product of inertia. B*4 in the roll equation is the

nonlinear viscous damping attributable to the hull. It is in the form

of a quasi-linear function in terms of we, viscosity, hull geometry, and

the maximum roll amplitude for a given wave slope, speed V, and headinq v.

The second set of equations in sway, roll, and yaw may have to be solved

a number of times until the difference between the maximum estimated roll

angle and the computed maximum roll angle is within an acceptable tolerance.

In the program the allowed tolerance is one degree.

With the assumed insignificance of the hull and foil system interaction,

the hull and foil system contribution to the added mass, damping and restoring

coefficients and the forcing functions are simply additive. For example

the added mass coefficients Ajk can be expressed as

A A H + A F  (10)Ajk k jk (o

where A H is the hull added mass and A F

F is the frequency independent

foil system added mass.

The derivation of the hull added mass, damping and hydrostatic restoring

coeffficients and the exciting forces and moments used in the "DTNSRDC

Ship-Motion and Sea-Load Computer Program" are presented as three-dimensional

hydrodynamic quantities in Reference 1. Based on strip theory, these

quantities are in turn expressed in terms of the solution tz the sectional

two-dimensional problem of each cylinder oscillating in the free surface.

The sectional two-dimensional problem is solved by a close-fit source-

distribution method presented in Reference 4.

7
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HYDROFOIL COEFFICIENTS

The foil coefficients for nonzero forward speed are derived from

Theodorsen's solution of the two-dimensional tl.in aerofoil oscillating

in an incompressible fluid in pitch and heave with the inclusion of

finite span and free-surface correction factors (see Reference 5). This

method was used successfully by Schmitke in Reference 2 in predicting

both the pitch and heave motions of a hullborne hydrofoil vessel in head

seas in one case and the motions of roll, sway, and yaw in beam seas in

the second case.

Utilizing Theodorsen's solution, consider first the submerged foil

system of a hydrofoil craft as being comprised of individual foil elements.

Each element is considered as a plane rectangle with no interaction

between the elements. The lift force acting on a single foil element at

its midpoint (point of intersection of the mid-chord and mid-span) is

[L +[L
NC C (11)

N : '(c/2) b (12)

NC 'NI/2

L = O.5pUbc CL C(k) VN3/4 (13)

with c as the chord of the foil element

b as the span of the foil element

U as the forward craft speed

CLa as the lift curve slope

VI/2 is the time derivative of the normal velocity component at the
foil element's midpoint

8



VN3/4  is the downwash at the 3/4 chord

LNC is the noncirculatory lift force or added mass term

LC is the circulatory lift force consisting of dynamic angle-
of-attack terms, modified by Theodorsen's function which
accounts for circulation delay

C(k) is Theodorsen's function in terms of the reduced frequency
k = (e c/2U given as

c Jk(Jl + Y ) + Y1 (YI - Jo) - i (YiYo + (14))C(k) = 0 ) (14)

(JI + Y )2 
+ (Y1 -J0 )2

J and Y are Bessel functions of the first and second kind and m'thm m

order. Due to the assumed neqliqible viscous forces, only the vc!ccity

nornal to une -.-il element N need be considered. With n- as the unit

vector nor--al to the foil element and v as the velocity of the element

VN =)iN (15)

In a rotating coordinate system,

Vo v + (5 x r) (16)

where v is the velocity of the body coordinate'sorigin

is the angular rotational velocity of the moving system

; is the position vector of the foil element's midpoint X, Y, Z.

For small angles in pitch ns and yaw n6

V -Ui + (N2 + Und)J + (43 - Unr)k (17)

9
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Substitutinq (17) into (16) and evaluating the cross-product term one

ubtains

vo :i (Zn5  Yn6 -U

+j (n2 + Xn6 - Z + Un6)

+ k (3 + Y - X,5 - Un5 ) (i8)

Upon substitution into equation (15)

V [(n2 + XN6 - Zq4 +Un 6 ) sin '

- ; - Xr5  Un) sinr cosr ]

+ 2 [-(n + X;6 - Z;4 + Un6) sinr cosr

+(3+ Y;4 - X;- U 5) cos 2r (1

where r is the dihedral anqle of the foil element and I, j, K are

unit vectors in the moving system's, x, y, z coordinate axes.

The derivative of VN with respect to time neglecting nonlinear terms

and cross terms gives

VN =j [(n2 + Xn6  Z 4 + Un6 ) sin
2rr

(n3 + N - Xn5 " U;5) sinr cosr ]

+ k [-(n 2 + Xn6 -N + Un6) sinr cosr

+(n 3 + Yn4 - X - U 5 ) cos r ] 0)

10



Substiticing VN and VN into equations (11) thru (13), one obtains the

three lift components in the translational displacements of surqe, sway,

and heave as:

Surge Lx = 0 (21)

Sway Ly = A(CIsin2r - C2sinr cosr)

+ B(C si n2 r - C4sinr cosr)

- C(k) sinr [n3 + Yn4 - (x - 5) 5] (22)

Heave Lz  A(Clsinr cosr - C2 cos 2r)

+ B(C3sinr cosr + C4 cos
2 )

C(k) cosr [n3  - -)' ] (235

where A = 0.25 wc 2b

B = O.50,UbcCL C(k)

CI : 2 + Xn 6 - Zn4 + Un6

C2  n3 + YN - Xn5 - UJ5

C3 : 2 + (X+) 6 - Z4 +Un 6

C4 : 3 +Y4 - (X + 2) n5 -Un5

The third terms in tho sway and heave equations (22 and 23) comprise a

correction to the foil element's normal force; a modification due to the

finite depth h.

The general moment equation, t, for the three angular displacements is

= ([ x r) + (24)

11
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where the first term is the moment due to the lift force and the second

term is the pure couple about the rotational axis passing through the

foil's midpoint. The moments in roll, pitch and yaw

can be expressed as follows with reference to equations (22) thru (24):

Roll M = L Z - LzY + M' (25)
y

Pitch MO = LzX + M' (26)

Yaw = L X + M' (27)
y

The terms M' , ' , and M' are comprised of hydrodynamic moments

of interia and damping.

:j b2 (An + Bn, + (28)

Me,=I. Ac cos2r(E Is', + Uns )(9

M I Ac sin r(8 Ui) (30)

With foil symetry about the xz-plane as a requirement, one can greatly

simplify the foil portion of the coefficients whereby the six coupled

equations of motion again are separable into two sets of coupled

equations,i.e. (1) surge, heave, and pitch and (2) sway, roll, and yaw.

The foil contribution to the coefficients of the two sets of coupled,

second order differential equations (4) thru (6) and (7) thru (9) can

12
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now be determined from L. Ly, Lz , M, M0 , and M . In calculating the

foil coefficients a summation of all the rectangular foil element

contributions on one side of the xz-plane is made and doubled due to

symmetry. Tc this is added the contribution of the foil elements that

lie in the xz-plane. Appendix A gives the foil coefficients for the

symmetrical foil elements. The foil coefficients for the special case

of an element lying in the xz-plane are approximated by taking half the

values obtained in Appendix A.

Excitation Forces and Moments on the Hydrofoil

Consider now the wave excitation forces and moments acting on a

hydrofoil element. For a foil element with an infinitesimal span, the

lift act'ng through its midpoint located at a distance r from the orgin is

= ;OcUW° f[ (K) - (K C(k) + i k
o 0 10J( 1 ] i( 1

+ J2 (KI)]1 (31)

where

K1 = nc cosO/A ; p is heading angle

K2 A 2/g the wave number, and

the term in parenthesis is Sear's function. W is the orbital wave

velocity component normal to the foil given by the expression

W° = iry(cosr + i sinr sinu) exp fK2[Z - i (X cosu + Y sin")]

+ iet) (32)

with raas the wave amplitude.

13

- --



Integration of 1 over the span with respect to the distance r qives

the total excitation lift force, L, on the foil element at its midpoint

L =,,cU,. {[j 0 ) - i l (K1)] C(k) + i 0.5k [J(KI) +

J 2 (K1 )] (33)

where

w1 :-ia [- sinh ( [-)] Ccos" + i sinr sin, ]

exp (K2[Z - i (X cos, + Y sin-o )] + ie t

and

a K2 (sin'" - i siniu cos,' )

The excitation forces for the three translational displacements

can now be determined

Surge Fi = 0 (34)

Sway F = - L sinr (35)

Heave F3 = L cos- (36)

The moment excitation in roll is expressed by the equation

F J = lrdr + FY - F'Z (37)
3 2

where the integral is again over the foil element's span. With the

appropriate integration

Roll F4 = cUw2 f[do(Kl) - iJ(Kl)] G(k)

+ i 0.5k [d0 (K1 ) + d2 (K 1)]

+ FY- F (38)

14



where
w [lcosh (-b 2 sinh (ab

2 a 2 a 2

[cost + i sinr sinl] exp {K2[Z - i (X cosu

+ Y sinu ) ] + iw et

The two excitation moments in pitch and yaw are respectively

F5 = (XL + Mc2) cosf (39)

F6 = (XL + Mc/2) sinr (40)

where Mc/2' the moment about mid-chord, is given as

Mc/2 = 0.25 nc-c2Uw1 1J0 (KI)C(k)

+ ij 1 (KI ) [I - C(k)] - 0.25k [J (K1 )

+ J3 (Kl)] + J 2 (Kl)1

Since the excitation forces in sway, roll and yaw in head and following

aaves are negligible F , F4 , and F; are equated to zero in the comDuter

program for headings within 8 degrees of o = 180 or 0 degrees.

The summation of the excitation forces and moments on each foil element

F! results in the total excitation forces and momets on the hydrofoil system3

FjeiWet. For computational purposes, a second set of forcing functions was

generated to be used on foil elements that are symmetrical about the xz-plane.

15



COMPUTER PROGRAM

Based on the foregoing mathematical model, a program was developed

to compute the hullborne motions of a hydrofoil craft in regular waves

of arbitrary heading. The program is essentially a modification of the

already existinq DTNSRDC Ship-Motion Computer Program. In itself the

existing program can determine the hydrofoil craft's motions in the

foil up mode in 6DOF in regular unidirectional waves of any heading.

The modification consists of adding the foil system's coefficients of

motion and its excitation forces and moments to the corresponding terms

for the hull. As a consequence three card sets listed below and pertain-

ing to the foil system of the hullborne hydrofoil craft are added onto

the existing 34 data card sets, which are listed in Appendix B.

A. Input Description

Data Card Set 35 - one card with format (214)

IFOIL: 2 for hydrofoil craft in the foils down mode. All

other integer values are for retracted foil systems where only the hull

is subjected to hydrodynamics forces

IPRINT: option of printing the matrix equations of motion.

With IPRINT = 0 printing of matricies is suppressed and for IPRINT = 1

printing of matricies takes place

Data Card Set 36 - One card with format (15,3F12.2)

NF: total number of foil elements on the starboard side of

the hydrofoil craft. This total consists of the elements in symmetry

about the xz-plane plus the elements lying in the xz-plane

FVOL: is the displaced volume of the entire foil system

(including the portion of the struts that are immersed). The units

16



is WORD**3, (see Data Card Set 4 of Reference 3 or Apnendix C)

FXCB: the foil system's lonnitudinal center of buoyancy, LCB, with

respect to the entire craft's LCB, i.e. the x value in the body

coordinate system in units of WORD.

FZCB: the foil system's vertical center of buoyancy. VCB, i.e. the z

value in the body coordinate system in units of WORD.

Data Card Set 37 - one card per foil element with format

(F3.G), 5F7.2, F5.0, FlO.7, F5.l, F8.3)

CPL: If the plane foil eleirnt lies in the center plane, i.e.

the xz-plane,

CPL = l.. In all other cases,

CPL = 2. due to the required symmetry of these elements

about the center plane.

SPAN: the length of the rectangular foil element taken in a

line parallel to the yz-plane in units of WORD.

CHORD: the width of the rectangular foil element taken in a

line parallel to the xz-plane in units of WORD.

S: x coordinate of the foil element's midpoint in units

of WORD

YF: y coordinate of the foil element's midpoint in units of

WO!ID

ZF: z coordinate of the foil element's midpoint in units of

WORD
DGAMMA: is the dihedral angle, i.e. the angle between the

starboard plane foil element and the horizontal xy-plane in degrees,

see Figure 3
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CLZ: is the vertical lift slope of the foil element in

dimensionless units

ASP: is a positive number utilized in the aspect ratio

correction factor AR/(AR + ASP) for foil elements of finite span.

For the example cited AR = 0.

Provided that the hydrofoil system can be represented by a set of

rectangular foil elements symmetrical about the center plane, each foil

element fits into one of three categories as:

1. The most commonly encountered foil element not lying in the

center plane counts as one element with CPL = 2.

2. The special case of a foil element lying in the center plane

counts as one element with CPL = 1, and a dihedral angle of 90 degrees.

3. The special case of a foil element with a dihedral anqle of

0 degrees intersecting the center plane is considered as just that Dortion

of the foil lying on the starboard side from the center plane. The

span is then just the distance from the center plane to the foil tip, and

the midpoint YF = SPAN/2, and CPL = 2.

The listing of the Hullborne Hydrofoil Six-Deqree of Freedom Motion

Computer Program is given in Appendix C. The original program's organ-

ization consisted of a main program and a series of thirty subprograms.

These routines are divided into four overlays and all are written in

FORTRAN IV. Currently, the program is used on DTNSRDC's CDC 6700 computer

system. Updated is the main program HANSEL in the main overlay, and the

subroutines PRGMI in the first overlay, and SPRG5 in the third overlay,

see Reference 3. To this is added the subroutine FOIL which computes the

foil coefficients of motion and the excitation forces and moments and three
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additional subroutines THEO, EXCIT, and IBESJ which are required for calcu-

lations in FOIL. The final organization of the Hullborne Hydrofoil Six-

Degree of Freedom Computer Program is presented in Figure 4.

COMPARISON OF PREDICTED AND EXPERIMENTAL RESULTS

The experimental results chosen for comparison with predicted results

were the hullborne motion measurements of a model of the 31i-Lori Plainview AL(EH)-l

hydrofoil craft as presented in Reference 6. The experiments were conducted

on a 1:12 scale model in DTNSRDC's Harold E. Saunders Seakeeping and Maneuvering

Facility. The model was run in both the foils up and foils down modes in

unidirectional regular waves. The full scale velocities were 6 and 12 knots

at the three headings of head (1800), bow (1500), and beam waves (900). The

regular waves were of a constant wave steepness 1/60 and wave lengths ranged

from X/L = 0.25 to /L = 3.0, corresponding to wave frequencies of , 0.57

to 1.98 rad/sec.

The Hullborne Hydrofoil Six-Degree of Freedom Motion Program was likewise

run in both the foils up and foils down modes at the three headings of 1800,

1500, and 9n° .  The predicted motions generally agreed well with the experi-

mental results as shown in Figures 5 through 11, which show the craft's transfer

function versus wave encounter frequency together with the phase lag with respect

to the maximum height of the wave at the CG. At the headings of 90 and 150

degrees, both the theoretical and experimental results show that the immersion

of the foils significantly reduces the craft's motion in roll. The foil system's

effects in reducing pitch and heave are much less pronounced.

Some of the minor discrepancies, especially in roll, between the predicted

and experimental results are likely attributable to differences in the roll

cvradii of the physical and simulation models since they were not Qiven for the

model for either the foil up or the foil down mode. A less sianificant source
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for error may also be inaccuracies in the estimation of the foil system's

displacement and center of buoyancy.

CONCLUDING REMARKS

The motions predicted for the AG(EH)-l hydrofoil craft in the hullborne

condition usinq the DTNSRDC Hullborne Hydrofoil 6DOF Computer Proqram aqree

satisfactorily with the available experimental data, namely for the headino

anqles of 90, 150, and 180 deQrees.

Additional comparisons directed toward verification of the DTNSRDC

Hullborne Hydrofoil 6-D Motion Computer Proqram should be made as more

experimental results are made available. The proqram in its present state

cannot be used to predict motions at zero craft speed and in conditions

of neqative encounter frequencies.
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APPENDIX A

LISTING OF HYDROFOIL COEFFICIENTS

The hydrofoil portion of the added mass, damping, and restoring

coefficients of the two sets of three simultaneous differential equations

of motions in (1) surge, heave, and pitch and in (2) sway, roll, and yaw

are listed below for retangular foil elements in symmetry about the xz-plane.

For the special case of a foil element lying in the xz-plane, half of the

magnitudes given below give a good approximation. The coefficients are in:

Surge: AF = BF = CF = 0 j=1, 3, 5
lj lj lj

Heave: AF = BF F CF = 0
31 31 31

AF I- pE bc2cos 2 r33

B3= pU bcCLaC(k)cos r

CF
33 = 2 E aLC(k)cos r

5h

= - Ip E bc2Xcos 2r35 "2

BF35  = - I rp bc Xcos r

- PUgbcCC(k)(X + £)cos 2r

CF = UzbcCLa C(k)cos 2rC35

,. LC(k) (X-2)cosr+2E.-w-3
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Sway: A F = f~c2 sn2r

22F = pEbc Csin r
F22

A F = -1 ipEbc 2sinr(Zsiflr + Ycosr)

24 2

B F = -UbcCCk'irZsinr + Ycosr)
24 PJCc\S fl

c F = -2E - C(k) Ysinr
24 a

A2F = 1 TpE bc 2Xsin 2r

B26  -2si

+ PUEbC C(k)(X +c)sin 2 I'

2~6 =pUEbcC La C(k)sin I'

422

Rol: A42 = bc1 uCp~kcsinr(Zsinr + Y cosr)

A F =- 1pEb c + 1 inrb(Zsinr + Ycosr)

3422
B4F = 1 pECL)b 3c2+Iuc + Zin YUb c oCsk)(Zi +2 co

44 2

22
cF -2 aL~b C sr(sr + csr)

BF - 1 ipUbc sinr(Zsinr + Ycosr)
46 f

B F - 1 pUEbcC 2 sinr(Zsinr + Ycosr)

- PUEbcC LaC9k)(X + 7ci)sinr(Xsinr + Ycosr)
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Pitch: A F= B F= 051 51
A F =-I11Pb 2 Xcs2r

53 yr~ccs

B F =-pU~bcC C(k)(X53 ~ )Cos 2r

C3 F- 24L C(k)(X-L-)cosr

55 64 o0bc 4Cos 2 i+ p~b c2X2 cos 2r
B5 24 21

B =I Uzbc 2Xcos 2r + 1 -a'Eb~c 3 Cos2 F

+ oU~bcC C(k)( x + _)x ECO 2

C =PU EcC ~k(x LC( 2 F os
C55  4U~c~~)X-~)o~

+ 2 A:. (k)(x + CX - )Cs

Yaw: A 2  1PE 2 Xsin 2r
862 2 UbC

B pU~bC C~k(X - )sin2r

A I irprbc 2Xsinr(Zsinr + Ycosr)

64bc -W - L)sinr(Zsinr Ycosr)

C 20L C(k)(x - )snC64 - h 4-Ys

A b 4 sn2 r +1 ff~c2 2 sn266 64 iclr 2 ipb i

66 pTU~bc2 Xsin 2r + 0U~bcCCC(k)(s + i)(s - Csi 2r
+ 1. ipU~bc3s in2r

C66  EUbCC(k)(X - E~)sin 2 r

The lift slope curve, CL, is taken in the program as equal to 2,a
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APPENDIX B

DATA CARD FORMAT DESCRIPTION OF NSRDC SHIP-MOTION COMPUTER
PROGRAM AS PERTAINING TO THE HULLBORNE HYDROFOIL CRAFT MOTION COMPUTER

PROGRAM (Data Card Sets I - 34)

For a particular hullborne hydrofoil craft the input on punched cards

consists of 37 Data Card Sets. A description of the initial 34 non-hydro-

foil related Data Card Sets (see Reference 2) is given below. Deleted are

those sets that deal with the Sea-Load portion of the original Computer

Program. The exact number of Data Card Sets as well as the number of cards

in each set will vary according to the requirements of a particular problem.

The final Data Card Sets 35, 36, and 37 which relate to the hydrofoil system

are described in the text.

Data Card Set 1, one card, FORMAT (3A 10).

This card contains three alphanumeric variables used to identify the output.
(i) NAMEI, columns I - 10, identifies the user's name.

(2) NAME2, columns 11 - 20, identifies the user's code,

(3) NAME3, columns 21 - 30, identifies the user's telephone extension.

Data Card Set 2. one card. FORMAT (SX, A4, 7X. A3. 8X, A3).

This card contains three alphanumeric variables used as controls for a number of options. The

spelling of the values of the variables is tested in the program against defined names. lience care should

be exercised in using the correct spelling.

(1) IPASS. columns 6 - (. is a control for reading in Data Card Sets 3 . 34. The options are,

IPASS = GOGO. read.in sets 3 - 34.

IPASS = STOP, program stops.

IPASS undefined. GOGO assumed (default).
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\I
(2) OTAPE. columns 17 - 19, is a control for positioning the output tape. Results are stored on an

output tape as well as printed out. The options are:

OTAPE = NEW, no tape positioning, new tape.

OTAPE = OLD, output tape automatically positioned past previous results.

OTAPE pndefined, NEW assumed (default).

(3) PRNTOP. columns 28 - 30, is a printout option.

PRNTOP = MAX, maximum printing.

PRNTOP = MIN, printing of results suppressed, only data cards listed.

PRNTOP undefined, MAX assumed (default).

NOTE - Data Card Set 2 provides a method for including data for more than one ship at a time. This set

should be placed before and after the cards for each ship (Data Card Sets 3 - 34). After the data

for the last ship use IPASS = STOP.

Data Card Set 3, one card, FORMAT (12A6).

This card contains alphanumeric information identifying the project, ship, calculations, etc.

TITO (array), columns I - 72.

Data Card Se' 4, one card, FORMAT (2A6, AS)

This card contains three alphanumeric variables.

(1) WORD, columns I - 6, identifies the input length unit used. A unit commonly used is FEET. All

dimensional variables input to the program must be in units consistent with this length unit.

(2) WORD2, columns 7 - 12, identifies the force unit, if WORD = FEET then WORD2 = TONS.

(3) WORD3, columns 13 - 20, identifies the moment unit. If WORD = FEET then WORD3 = FT.

TONS.

WORD, WORD2, and WORD3 are printed out with the dimensional part of the output to identify the

dimensional units.

Data Card Set 5, one card, FORMAT (416)

This card contains four integer variables.

(I) NUT <8. column 6, is the number of offset points used to describe each station. All stations

must have the same number of offsets. It Is recommended that 8 offset points be used.

(2) NST < 27, columns II - 12, Is the number of stations used to longitudinally subdivide the

ship.
(3) NMAS = NST, columns 17 - 18, is the number of mass points. If IT f0 (see the next integer

description) then punch a one in column 18.

(4) IT. column 24, is a control for reading in Data Card Set 9 or Data Card Sets 10 - 14.

IT = 0, read in the mass and mass-distribution data for each station, contained in Data Card

Sets 10 - 14. This option must be used when load calculations are desired.
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IT : 0, read in the mass and mass-distribution data for the ship as a whole, contained on Data

Card Set 9. This option is used when only motion calculations are desired.

Data Card Set 6. from one to four cards. FORMAT (8FI0.4)

This card set contains the NST station numbers, STI(1), used to longitudinally subdivide the ship.

The stations are input in the order they occur along the ship starting with the first station at the extreme

forward point of the ship. For example, 0.0. 0.25, 1.0, , 19.75, 20.0. See Appendix B.I for

recommended station numbering.

STI (array), columns I - 10, 11 - 20, - - -, 71 - 80/repeat for up to four cards, eight numbers per

card.

Data Card Set 7, one card, FORMAT (2F10.4)

This card contains the following two floating point numbers:

(1) ELL, columns I - 10, is the length between perpendiculars, Ih, in WORD units.

(2) BEAM, columns I1 - 20, is the beam at midships in WORD units.

Data Card Set 8, two cards for each of NST-2 stations, a total of 2 • (NST-2) cards, FORMAT (8F10.4)

This card set contains the y and z coordinates of the offset points for each of NST-2 stations

(see Figures 4 and 5). The foremost and aftermost stations have no offsets and are not specified in this

data card set. Appendix B.2 provides information on allowable section shapes and contour specifications.

(1) Y (array), first card, columns I - 10, 11 - 20, , 71 - 80, contains the NUT y coordinates of

the offset points for Section I .in WORD units. The y coordinates (positive) are given proceeding clock.

wise around the station contour, with the first y value at the intersection of tha waterline and the station

contour, and the last y value at the intersection of the centerline and the station contour. For fully sub-

merged sections the first y value is zero.

(2) Z (array), second card, columns I - 10, 11 - 20," , 71 - 80, contains the NUT z coordinates

(negative) of the offset points for Section I in WORD units. The z coordinates are given in the same

manner as the y coordinates. For fully submerged sections the first z value is at the intersection of the

station contour nearest the free surface and the centerline.

Data Card Set 9, one card, FORMAT (FIO.4, 4FIO.6, F1O.4)

This card set is included when motions only are desired. In this case, IT f0 (see Data Card Set 5).

This card set contains six floating point numbers.

(1) TMASS, columns I - 10, is the total mass of the ship in units consistent with the WORD length

unit. For example, if FEET is the length unit, the mass unit would be TONS •SECONDS 2/FEET.

Note that station number STI(I+i) is associated with Section 1.
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(2) E144, columns 11 20, is the square of the roll radius of gyration divided by the length between

perpendiculars. (Kc/L')
2

(3) E155, columns 21 30, is the square of the pitch radius of gyration divided by the length be.

tween perpendiculars, (K /01L) .2

(4) E166, columns 31 - 40, is the square of the yaw radius of gyration divided by the length between

perpendiculars, (K LP"). 2 Usually E166 is set equal to E155.

(5) E146, columns 41 - 50, is the mass product of inertia about the x and z axes divided by TMASS

ELL.2 E146 is very close to zero for most ships and in fact equal to zero for ship with fore and aft

symmetry.

(6) ZG, columns 51 - 60, is the z coordinate of the center of gravity, CG, of the ship referenced to

the waterline in WORD units (positive for CG above the waterline).

The next five Data Card Sets, 10 through 14, are included when load calculations are desired. In

this case, IT= 0 (Data Card Set 5) and Data Card Set 9 is not required.

Data Card Sets 10-14 Delete

Data Card Set 15, one card, FORMAT(16)

This card contains one integer variable.

IXAST, columns 5 - 6, is only used when end-effect corrections are made to the added-mass and

damping coefficients for ships with transom type sterns (Data Card Set 23, lEND = 1). In this case,

IXAST = NST - 2, which is the sequence number of the last section along the hull near the stem.
Note that this card set must be included irrespective of the value of lEND.
Data Card Set 16, one card, FORMAT (416)

This card contains four integer variables.

(1) NOK < 30, columns 5 - 6, is the number of wavelengths for which motion and load

calculations are performed.

(2) NOB < 5. column 12, is the number of Froude numbers for which motion and load

calculations are performed.

(3) NOH < 10, columns 17 - 18, is the number of headings for which motion and load

calculations are performed.

(4) NWSTP < 12, columns 23 - 24, is the number of waveslop'es for which motion and load

calculations are performed.
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Data Card Set 17, one card. FOPMAT (1216)

This card contains the NWSTP reciprocals of wave steepness. INWSTP(1), defined as the ratio of

wavelength to wave height. X/'w. i.e., 50, 80. 110. Wave slope In degrees is determined in the program

as 180/INWSTP(l). The program also computes a wave amplitude for each wavelength as A = X112 •

INWSTPI)/ where the wave slope is kept constant for each heading and Froude number. See Section iIA

for a discussion of the use of wave amplitude in the nonlinear viscous roll-damping calculations and

Section IV for a general discussion about the use of wave amplitude for scaling the output.

Data Crd Set 18. from one to two cards, FORMAT (8F10.4)

This card set contains the NOH heading angles. HDGI(I). in degrees. The convention used in the

program is head waves = 180 degrees.

Data Card Set 19, one card, FORMAT (5F10.4)

This card contains the NOB Froude numbers, FN(i). The Froude number is defined as.

V

perpendiculars.

Data Card Set 20. from one to four cards, FORMAT (8F!0.4)

This card set contains the NOK numbers of nondimensional wavelengths, BAM(1), for which calcu-

lations are to be performed. The wavelength is nondimensionalized by the length between perpendiculars,

Data Card Set 21, one card. FORMAT (15. 2F104)

This card contains one integer variable and two floating point variables:

(i) NFR < 40, columns 4-5, is the number of nondimensional frequencies of encounter, WEN, for

which added-mass and damping values are calculated. The nondimensional frequency is defined by,

WEN ,E .L=PP/g

where wE is the dimensional frequency of encounter, LP is the length between perpendiculars, and g is

the acceleration due to gravity. Note that NFR is in an 15 field instead of the usual 16. If NFR is

undefined, the program will compute a value for it.

(2) OMIN, columns 6-15. defines the lower end of the range of CEN values. If OMIN is undefined,

the program will compute a value.
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(3) OMAX. columns 16-25, defines the higher end of the range of WEN. If OMAX is undefined, the

program will compute a value.

Data Card Set 22, one card. FORMAT (16)

This card contains one integer variable.

IRR. column 6. is a control for interpolating the added-mass and damping values if irregular fre-

quencies exist.

IRR = I. no irregular frequencies.

IRR = 2. irregular frequencies exist.

IRR undefined, program will supply the proper value.

See Appendix C for a discussion of the effect of irregular frequencies on the calculation of the range

of nondimensional frequencies and on the interpolation of the added-mas% and damping coefficients.

Data Card Set 23, one card, FORMAT (616)

This card contains the following six integer variables:

(I) ML. column 6, is a control for the motion and load calculations.

ML = 1, only motions are calculated.

ML = 2, both motions and loads are calculated.

ML must be defined.

(2) IEND, column 12, is a control for including endterms in the equations of motion.

lEND = 1, end terms will be included. Set IXAST = NST-2 (Data Card Set I5).

IEND = 2, no end terms.

lEND must be defined.

(3) IBILGE, column 18, controls reading in Data Card Sets 27 -28 which contain bilge keel information

required by the program for computing the viscous roll-damping coefficient when Option I or Method 2 of

Option 2 is used. (For definitions of the options see Section IIIA.3.)

IBILGE = I, the ship has bilge keels. Read in Data Card Sets 27.28. See IDAIP and IPRCNT

(integers 5 and 6 of this Data Card Set) for choice of option and method.

IBILGE = 2, no bilge keels. Skip Data Card Sets 27-28.

IBILGE must be defined.

(4) IPRES, column 24, is a control for the pressure calculations. it also controls reading in Data Card

Set 29.

IPRES I 1, calculate pressures for the stations specified by Data Card Set 29.

IPRES = 2, no pressure calculations. Skip Data Card Set 29.

IPRES mus't be defined.

(5) IDAMP, column 30, is a control integer used to specify the option used to compute the viscous

roll-damping coefficients. It also controls reading in Data Card Sets 32-34.
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IDAMP = 1, Option I will be used and the total and sectional viscous roll-damping coefficients will

be computed by the program using information supplied in Data Card Sets 25-28.

IDAMP = 2 (Future option), Option 2 will be used and the total viscous roll-damping coefficients will

be read in from Data Card Set 32. See IPRCNT (next integer description) for the choice of method for
determining the sectional coefficients.

IDAMP = 3 (Future option). Option 3 will be used and the program will determine the total and

sectional viscous roll-damping coefficients from defined classes of ships. The class of ship is specified in

Data Card Set 34.

IDAMP undefined, program will assume IDAMP = 1. If IDAMP = I, Data Card Sets 32-34 will not be

read ;n.

' (6) IPRCNT, column 36, is a control integer used to specify the method used in Option 2 to determine

the sectional viscous roll-damping coefficients.

IPRCNT = I, Method I is used and the percentage of the sectional roll-damping is supplied in Data

Card Set 33.

[PRCNT = 2, Method 2 is used. The program computes the percentages. Skip Data Card Set 33.

See Section IllI.A.3 - Viscous Roll.Damping Input and Table 3 for a discussion of the various Options

and Methods.

Data Card Set 24, one card, FORlAT (F 10.8, 2F10.4, 16)

This card contains three floating point numbers and one integer.

(1) VNY, columns I - 10, it is the kinematic viscosity of water, v, in units consistent with the WORD

length unit. For fresh water at 70PF, v = 1.059 x 10- 5 FT2 - SEC.

(2) GRAV, columns It - 20, is the acceleration due to gravity in units consistent with the WORD

length unit. For instance, if WORD = FEET, GRAV = 32.2 feet * scconds- 2

(3) AMODL, columns 21 -30, is the total length of the submerged portion of the hull. It is used by

the program for the calculation of the Reynolds number.

(4) MOD, column 36, is a control integer for the type of flow around the hull.

MOD = 1, laminar flow around the hull is assumed.

MOD = 2, turbulent flow around the hull is assumed.

MOD must be defined.

Most cases require specification of turbulent flow. For small ships at slow speeds the flow may be laminar.

Note-VNY, MODL, and MOD are required only when the program computes the roll damping (Option I or

Method 2 of Option 2).
4

The next four Data Card Sets, 25 through 28, are not included when IDAIMP = 2. They contain in-

formation the program uses to calculate roll damping.

Data Card Set 25, from one to two cards, FORMAT (1615)

This card set contains the NST-2 control integers, ITS(l), one for each station except the extreme for-

ward and extreme aft stations. The values of ITS(I) are used In the calculation of roll induced eddymaking.

They specify the local hull shapas at Section 1 and are determined according to the following procedure:

42

-4 - .".



(1) ITS(1) = i, Section I has a V or U shape with a small radius at the keel (bow sections).

(2) ITS(l) = 2., Section I has a sectional area coefficient greater than 0.95 (parallel midbody with

rectangular shapes).

(3) ITS(I) = 3. Section I has a shallow V or U shape with a local beam/draft ratio greater than 1.0

(aft sections of destroyers or cruisers).

(4) ITSi} = 4, Section I has an extremely rounded shape (a destroyer hull section with extremely

rounded bilges and no skeg).

Note that ITS is punched in 15 fields.

Data Card Set 26, from one to four cards. FORMAT (81710.4)

This card set contains the NST-2 bilge radii, RD(I), in WORD units, one for each station except the

extreme forward and extreme aft stations. RD(l) is defined as follows-

RD(I) = radius of bilge circle at Section 1 for.

(1) sections that have bilge keels,

and (2) sections with ITS(i) = 2.

RD(I) = 1.0 otherwise,

The next two Data Card Sets, 27 and 28, are included only if the ship has bilge keels (IBILGE = 1).

Data Card Set 27, one card. FORMAT (21710.4)

This card contains the following two bilge keel parameters:

(i) AKEELL, columns I - 10, is the total length of the bilge keel in WORD units.

(2) BEANIKL, columns II - 20, is the maximum width of the bilge keel in WORD units.

Data Card Set 28, NST-2 number of cards, FORMAT (6110.4)

TlIs data card .et provides a description of the bilge keel at each of the NST-2 stations. The extreme

fore and aft stations are not considered. Each card contains the following six numbers (see Figure 8):

(1) RFD(l), columns I - 10, is the deadrise of Section I in WORD units. Set equal to 0.0 for stations

with no bilge keels.

(2) DELTAD(I), columns 11 - 20. is the length of the bilge keel along Section 1 in WORD units.

Set equal to 0.0 for stations with no bilge keel. The program tests for 0.0 in this case in order to by-pass a

number of calculations.

(3) RKD(I), columns 21 - 30, is the distance from the middle of the bilge keel at Sectiun I to an axis

through the center of gravity of the ship and parallel to the x.axis. It is in WORD units. Set equal to 1.0

for sections with no bilge keels.

(4) SD(I), columns 31 - 40, is the distance from the root of the bilge keel to the waterline as measured

along the countour of the hull at Section 1. It is in WORD units. Set equal to 1.0 for stations with no

bilge keels.
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(5) COSPHD(I1), columns 41 -50, is the cosine of the angle, a, between RKD(I) and the bilge keel at

Section 1. Set equal to 1.0 for sections with no bilge keels.

(6) PHID(I), columns 51 -60, is the angle, (P, in radians, formed by RKD(I) and a line connecting the

center of gravity with the waterline at Section !. Set equal to 1.0 for sections with no bilge keels.

The next Data Card Set, 29, is included only if pressure calculations are desired (IPRES = 1).

Data Card Set 29, from one to four cards, FORMAT (8F10.4)

This card set contains the NST-2 control numbers, STPR(l), which determine at which sections the

pressure distribution will be calculated. The program can compute the pressures for up to eight sections.
There are two options:

STPR(I) = 0.0, the pressure on Section I will not be calculated: and

STPR(i) = 1.0, the pressure distribution will be calculated on Section I.

STPR(I) must be defined.

Data Card Set 30 Delete

The next Data Card Set, 31, is not included if roll damping coefficients are read in (IDAMP 2).

Data Card Set 31, from one to seven cards, FORMAT (8F10.4)

This card set contains the NUIF = NOH - NOB • NWSTP estimates of maximum roll angle (single

amplitude). TIIMD(i), in radians. (See Data Card Set 16 for the definitions of NOH, NOB, and NWSTP.)

The THMD(l) values are the initial values in the "trial and error" procedure used in solving the quasi-linear

equations for roll. (See Equation I 1 in Section IIA.) These estimates are functions of wave slope, Froude

number and heading angle. Eight TI-HID(l) values are given per card in a sequential order given by varying

the wave slope first, then the Froude number and finally the heading angle. If THMD(I) is undefined the

program will supply initial estimates. If accurate estimates can be provided by the user, the run time will

be reduced substantially. Note that due to storage restrictions NHF < SO.

The next Data Card Set, 32, is included when roll damping coefficients are to be read in (IDAMP = 2).

Data Card Set 32, frot one to two cards, FORMAT (8F10.4)

This card set contains the following two roll.damping coefficients as a function of Froude number:

(I) B2(l). columns I - I. is the linear viscous roll damping coefficient for the first Froude number.

(2) B3(l). columns II -20, is the nonlinear viscous.roll damping coefficient for the first Froude num.

ber. I1 more than one Froude number is given, the remainder of the card should be filled witll pairs of

numbers. B2(l) and 133(l).

The next Data Card Set, 33, is included only when the roll-damping coefficients are to be determined

for ca~h station by the user (load calculations are desired and IDAMP 2). In this case, IPRCNT = I.
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Data Card Set 33. from one to fifty cards, FORMAT (8F10.4)

This card set Lontains the percentages of B2(1) and B3(l) to be used for each of NST-2 stations. There

are up to to cards for each station (excluding the extreme fore and extreme aft-stations). The order of

input per card is the same as in Data Card Set 32.

(I) PB2(i.J). columns I 10. is the percentage of the B2 coefficient as a function of Station I and

Froudc number J.

(2) PB3(lJ). columns II - 20. is the percentage of the B3 coefficient. Note that. if IPRCNT = 2. the

program will determine these percentages and Data Card Set 33 will not be required.

The next Data Card Set. 34. is included only if IDAMP = 3.

Data Card Set 34. one card. FORMAT (16)

This card contains one control integer, ICLASS.

ICLASS, column 6, specifies the class of ship for which roll damping will be computed. The

program will use stored values for the roll-damping coefficients as a function of ship class. The options are:

ICLASS = I. small boats.

ICLASS = 2. high.speed transom-stern hulls.

ICLASS = 3, moderate-speed cruiser-stern hulls.

If data cards for another ship are to be included, first repeat Data Card Set 2 using IPASS = GOGO,

folloved by Data Card Sets 3 - 34 for the next ship. When no more ships are to be run, repeat Data Card

Set 2 with [PASS = STOP. This completes the data card input for the program.

Commonly Used Equations

GO2V

Encounter frequency GE =  
- - cos p

Nondlimensional W'E COEN W)E L -pg

W ave frequency 
-O , / 'g

V is the ship speed in feet/second

g is the acceleration due to gravity
V

Froude number Fn p/ is the heading angle

V/9 PPP ?t is the wavelength

360 "A 'A is the wave amplitude
Lpp is tl'e length between perpendiculars

pp_



APPENDIX C

Listing of the DTNSRDC Huilborne Hydrofoil Six-Degree of Freedom Motion

Prediction Computer Program (see Ref. 3)

C LKO 2
C---- VrSIC.% 4 - COGC 6700 - H A N S E L - '-NE, 1972 1KG 3
E, LKO
C---, 4VSH10A'1DCA0Cc SHIP-tICT1Ct ArKC : A-LOAO COMPIUTER. I-ROGKA3 -----------1KG
C LKO 6
C 1KO 7
C -- vErzSLCN a - N. )ALVESEN,N'ROL W.FR(AKK,NSROtL O.FALTINSC.N,JNV 1KG 8
C -LKO 9

---- VENSI(JH I - UPO3AIEC ANDJ COHVERTED TC RUNt ON TIPE UNlIVAt, 113 zA 10
C - AT'NE3S dY CAN SHEk1(bAh, 1973------------------------- LKG it
C -- VENSIGN 2 - UPOAIEC ON UNIVAL, 110d AT 13S 6Y 31LL ftYtrtS --------- 1KO 12
L - OtCq 197?--------------------------------------------- LKG 13

C------- VLE .S1Uzi 3 - UPOATFP; AND CUNVEI(TEZ, TO J~UN ON CCC 67J0------------- LKG 14I
C - AT NbcOC BY 6ILL 'ICYERS, JUrNE, 1971 -----------------1K3 15
L -- VEnSILINt 4 - LOmd OuTPUT K~GO1FILL11 4'JUI4TIAL ST(AAG7T OF ----------LKS 16
C - FAA utnO PAV - 9ILL V-YLR4, JUNE, 1972-------------- LKC 17
C 1KG 18

LIVE'.LAY (LiKGG KO 19
&EkOGzRAi HANSEL (1NPUTIOUTPUT,TuPE5=I1NPUT,TmPE6=CUTPUT, 1KO 20

2 TAP..1PTPL13fTA1PE,:3) LKO 21
COE~MCI. DUzll(272J) PR~NTtP,LL'12 (356) 1KO 22
COMMH~. /rCHP/ ZLU',3(501G) LK3 23
L0.Ul'U /LJOI-,nN/ Sriz'(Z4) ), 2,uOrG3,IOAH?,1PPCNT,c32i5) q83(5) , L'Q3 24

2 r - r,1 ,- 2,5 LAS LKO 25
CUfthL( /PFUIL/ UU',93),IPRINT FtIOO 1
COr.hNCA. /IFOIL/ 0Ou116(36) FHOO 2
t;A1A 1 ,TUP /4HSTUP/ LKO 26

IOLO F-uT(IHI,271/) ,55X,1qt,* H A N S E L L KO 27
1004 FLrJ,.fl ( 3A10) LKG 28
I06' FOCt T (//5X3Ai) 1KG 20
lCGb FCK,17~ (//X3103 LKG 29
101i I rfiAT LlI'3,1LS~ , t. ALL INPUT -'AT. CAFCS/) LKO 31
102J F~il- (?X1~ XIZ X H,;,HJVz, 69jVjX1a LKI 32

24X ~IP%,L JPaS , d iiurle34567, 33) LKO 33
1G33 F-tT(5X,A'.,IX,A 38ax,.5l LKO 34

1050 1-UrJI UJX,*Vr eSA.0N 3 - LJC b7 ~0 - HI A N 1. h L - JUIIL:, 19* L<13 36
2 t?14/1J(,*:SrtC bmr.rU.TION A(.3 S.-A-LrAJ CL4MPUTLF& Fz!GRA'1* 1KO 31
2 /26Y,3A10, LKO 38
2 //bFJ~1, CU OUTPUT T-'PE HI=HIGH OFN1TY (5z)/ KG 39

1060 F..4"t' (141,y27(/) ,60XP13Hq C 1 0 ) KG 40
%,ALL Hi,4CIN (1Y1,13) LKO 41
CtIL FTJPJ (191P21)) 1KO 42
KLWIrNG I LKO 43

UPASS =3 LKG 44
WRiiF (t), 1GGG 1KG 45

C----------------------------------------------------------------------------1LKO 46
L OATI, LA-,3 $ET I 1KG 47
C---------------------------------------------------------------------------- LKO 48

RAuU (5,1604) L KO 49I
l'lt11L (0j1006) .dAi1Fq,E2,NAt'E3 1KG 50

10 NP A.-,S = PA~js t I 1KG 51
w~ti1E 16,1010) LKG 52
Wflh!E (6,1020) 1KC 53
LF (tNFAaS .LO. 1) .4r&Tr. (b,1006) NAML1HAi2,AVE3 LKO 54

C---------------------------------------------------------------------------- LKO 55
L OATA LA O SET 2 1KG 56
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C ...................-. LKa 57
READ L5,1030) IPASSpOTAPEPRNTOP LKO 58.
WAITE (oI040) IFASSOTAPEFRNTUP LKO 59
IF (IASS .EQ. ISTOP) GO TO 20 LKO 60
IF (NFA3S ,EQ. 1) CALL 3i(IP (CIAPE,?SKIP) LKO 61
IF (AF.iS .GI. 1) CALL SKPFIL (1,-t) LKO 6Z
NFILE = tlSKIP 4 NPASS LKO 63
WRIIE (1,105u) rArE1.A.4E2,ruAtE3,tnFILE LKO 64
CALL sEPAKT (2) LKO 65
CALL CVYKLAY (5riLINKipI,,) LKO 66
CAUL OVEkLAY (SHLZNK2,2#0) LKO 67
CALL CVERLAY (SHLINK3,3,0) LKO 68
ENOFILE I LK0 69
•K = NFILe + L LKO 70
WRITE (1,1050) NAHEl1,AHE2,NAhE3,K LKO 71
CALL SEPART (2) LKO 72
GU O Lo LKO 73

20 cNOFILE i LKO 74
PEWIND I .LKO 75
WRITE (6,1060) LKO 76
STOP LKO ?F
END LK5 78

C - SKP 2

C ---- VERSION 4 - CDC 6700 - S K I P - JUNE. 1972 ---------------- SKP 3C SKP 4

SUBROUTINE SKIP (OTAPE.L) SKP
INTEGER OTAPEsOLDTITLEENDTAPENDGRO SKP A
DATA OLD /3HOLD/9 ENDTAP /IOHENO OF TAP/* ENnGPO /AOHEND OF GPO/ SKP 7

1000 FORMAT (AIO) SKP 82000 FORMAT (01 *,13.* FILES SKIPPED ON OUTPUT TAPE* )  SKP 9
L = 0 SKP 10

IF (OTAPE .NE. OLD) GO TO 30 SKP it
10 READ (1,1000) TITLE SKP 12

IF (TITLE .EQ. ENDGRO) GO TO 20 SKP 13
IF (TITLE ,NE. ENDTAP) GO TO 10 SKP 14
CALL SKPFIL (1.-1) SKP 15
GO TO 30 SKP 16

20 L z L # 1 SKP 17
CALL SKPFIL (It1) SKP 18
GO TO 10 SKP 19

30 WRITE (6,2000) L SKP 20
RETURN SKP 21
END SKP 22

C SEP 2
"C ------ VERSION 4 - CDC 6700 - S E P A R T JUNE. 1972 ------------- SEP 3
C SEP 4

SUBROUTINE SEPART (N) SEP 5
1000 FORMAT (/*END OF GROUP*,2(4XAIO)92XFIO.3/) SEP 6
1010 FORMAT ( *ENO OF TAPE 0,2(4X*AlO),2XFIO.3) SEP 7

CDATE a DATE ID) SEP 8
CTIME m TIME (E) SEP 9
ATIME s SECOND (A) SEP 10
IF (N .EO. 1) WRITE (1,1000) CDATECTIMEATIME SEP 11
IF (N .EO, 1) GO TO 10 SEP 12
WRITE (191010) CDATECTIMEtATIME SEP 13
WRITE (191010) CDATECTIMEATIME SEP 14.
BACKSPACE 1 SEP 15

10 RETURN SEP 16
END SEP 17

C Sim 2
C ---- VERSION 4 - CDC 6700 - S I M P U N - JUNE. 1972 ------------- SIN -
C Sim 4

FUNCTION SIMPUN(XYN) SIM 5
C SIm 6
C FORTRAN IV FUNCTION FOR SIMPSONS RULE INTEGRATION Sim 7
C EQUAL OR UNEQUAL INTERVALSW.FRANK Sim 8
C SIm 9

DIMENSION X(50),Y(50) SIm 10
2 FORMAT(23HCNON MONOTONE X SIMPUN 14.1PEI2.4) SIN 11

IF(N-2) 7,5,4 SIm 12
5 Sm(Y(I).Y(2))*(X(2)-X(I))/2. SIM 13

GO TO 6 SIM 14
7 S=O. SIN 15

GO TO 6 SIN 16
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4 M*N-I Sim 17
S2(X(2)-X(l) )/6.o(Y(1)e( (X(2)-X(3) )/(X(l)-X(3) )'2.).Y(2)*( (X(1)-X(SIM 18
13) )/CX(2)-X(3) ).2.)-Y(3)*(X(2)-X(1) )02/((X(i)-X(3))*(X(2)-X',3) ) ISIM 19
L8*2 SiN 20
IF(N-3) 89899 SIN 21

9 SxS.(X(3)-X(2) )/6.*(Y(2)0( (X(3)-)d(4))I, X(2)-X(4) ).2.).Y(3)*( (X(2)-STM 22
IX(4) )/(X(3)-X(4) I 2.)-Y(4)*(X(3)-X(2) )0*2/( (X(2)-X(4) 3CX(3)-X(41 ISIM 23
2)) Sim 24
L8x3 Sim 25

8 DO 1 KmLBM Sim 26
XDIFFmARSCX(K.1)-X(1)) SiN 27
XDIFF~zABS(X(K)-X(l)) SM 2
IF(XDIFF-XDIFFI) 3.11.11 Sim 29

e3 WRITE(6v2) KX(K) Sim 30
GO TO 7 SiN 31

11 CONTINUE Sim 32
ABaCX (K. 1) -X(K)) /6. Sim 33
ACzY(K)4((X(K.1)-X(K-1))/(X(K)-X(K-1)).2.) SiN 34
ADsY(K,1)e((XCK)-X(K-1fl./(X(K,1)-X(K-1) 1.2.) Sim 35
AE=Y(K-I, *(X(K.1)-X(K) )**?/( (X(K)-X (K-i) )O(X(K.1)-X(K-1))I SiN 36

1 SuS+ABO(AC+AD-AE) Sim 37
6 SIMPUNzS Sim 38

RETURN SiN 39
END SiN 40

C NIV 2
C -- VERSION 4 - CDC 6700 - N A T I N S - JUNE, 1972 ------------- MIV 3
C I MV 4

SUBROUTINE MATINS(ANRN1,8,NCMlDETERMIDINDEX) MIV S
C MTV 6
C PROGRAMMER- S. GOOD9NSRDC MIV 7
C NIV 8

EQUIVALENCE (IROWJROW),CICOLIJMJCOLUM),(AMAXTSWAP) MTV 9
DIMENSION A(NRNR),B(NRNC)*INDEX(NR93) 'IIV 10

C MTV 11
C INITIALIZATION NIV 12
C 'iIV 13

NzN 1 '4V 14

Mx~NIMV 16
DETERMmO.0 MV 1
DO 20 J=19N MTV 17

20 INDEX(J93)=0 MIV 18
DO 550 1a1,N MV 1

C MIV 20
C SEARCH FOR PIVOT ELEMENT '41V 21
C MIV 22

AMAX=0.0 NIV 23
n0 105 J=lN MIV 24
IF(INDEX(J93)-1) 60,105960 NIV 25

60 DO 100 KzlN MTV 26
IF(INDEXCK,3)-1) 8091009715 MIV 27

80 IF(AMAX-ABS(A(JK))) 85.100,100 MIV 28
85 IROW=J HIV 29

ICOLUM=K MTV 30
AMAX=ABS (A (JK)) MIV 31

100 CONTINUE MIV 32
105 CONTINUE MIV 33

INDEX(ICOLUM.3)L.INDEXCICOLUM,3)I .1 NV 34
INDEX(I,1)wIROW MIV 35
INDEX (1,2)=ICOLUM MIV 36

C MIV 37
C INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL MIV 38
C MTV 39

IFCIROW-ICOLUM) 140,3109140 MIV 40
140 DETERMa-DETERM MIV 41

DO 200 Lx1,N MIV 42
SWAPzA(IROW9L) MIV 43
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A(IROWL).A( ICOLUM9L) MTV 44
200 A(ICOLUML)uSWAP MIV 45

IF(M) 31093109210 MTV 46
21000O 250 Lxl9M '41V 47

SWAPmB IIROWtLI MIV 48

S(IROW*L).R(ICOLUM*L) MT1V 49
250 8(ICOLUML)xSWAP MIV S0

C DIVIDE PIVOT POW RY PIVOT ELEMENT MIV 52
C MTV 53I

310 PIVOT=A(ICOLUM,ICOLU4) MTV 54
nETERM=DETERMOP IVOT MTV 55

330 A(ICOLIJMICOLIUM)wI.0 MIV 56
DO 350 L=1,N MTV 57

3S0 A(ICOLUM#L)IA(ICOLUM*L)/PIVOT MIV 58

IF(N) 380,380,360 MTV 59
360 00 370 L2IM MIV 60
370 B(ICOLUM#L)28(ICOLUML)/PIVOT MTV 61

C MTV 62
C REDUCE NON-PIVOT ROWS MIV 63
C MTV 64

380 DO 550 L111,N MIV 65
IF(LI-ICOLtUM) 400,550,400 MTV 66

400 T2A(L1,ICDLUM) MTV 67
A(I*,ICOLUM)=O.0 MTV 68
0O 450 L=IIN MIV 69

450 A(L1 ,L)=A(LlL)..A(ICOLUML)OT MTV 70
C MIV 71
C MIV 72

IF (M) 550,550,460 MIV 73
460 DO 500 L=1,M MIV 74
500 A(L) ,L)=8(L1,L)-P(ICOLUMtL)*T MIV 75
550 CONTINUE MIV 76

CMIV 77
C INTERCHANGE COLUMNS MTV 78
C MIV 79

DO 710 I=1,N MIV 80
LsN*I-I MTV 81
IF(INDEXCL,1)-INOEX(L92)) 630,7104630 MIV 82

630 JROW=INDEX(Lol) MTV 83
JCOLU)M=INDEX (L92) MTV 84
DO 705 K=1,N MTV 85
SWAP=A CKtJROW) MIV 86
A (KtJROW):sA (K.JCOLUM) MIV 87
A CKoJCOLUM) ISWAP MT1V 88

705 CONTINUE MIV 89
710 CONTINUE F4IV 90

DO 730 K=1,N MIV 91
IF(INDEX(Kt3)-1) 71597209715 MTV 92

720 CONTINUE MTV 93
730 CONTINUE MIV 94

10= 1 MIV 95
810 RETURN M4IV 96
715 1D22 MIV 97

GO TO 810 MTV 98

END MIV 99
CLKI 2

C -- VERSION 4 - CDC 6700- P RO 0 - JUNE, 1Q72------------------ LK1 3
C LKI 4

OVERLAY (LINK1,1,0) LK1 5
PROGRAM PROI LKI 6
CALL PRGM1 LKI 7
END LKI 8
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c PRI 2
C ----- kSICN 4 - COC 6740 P PR G M I - JUNE, 19-------- FRI .3
C PRI 4s

SU-3OUTINE PRGMI. PRI 5
c FRI 6
C PROGRAMMsER- 0. FALTINSENDNV PRi 7

c FRI 10

3#FN(5) idAM(30 ) tit)'.(I0),tSOG(I10) jOMAXvO.41N,NFPNOK NOS NOHDkIE.4 (40) , ;RI 12
4Fk(7,6),XX(25,7),YY(25,T),OEL(257)311tA(25,7),CSE(25,7) ,LNI(Z5,T), PPI 13
5UN, Ji,IJ,TITDCI2),MORU,NUt4,IXASTHOGI(10),T,7LVC-C,-RNTOP FPI. 14
CO0 MHON S i I(2 7 IYA S2 7,d E A , CA F T, A X pR%, L p L t. C,18 1L 6E ,I PR ES , FRI 15

2VNY, GRCAv, AlOUL, MOCAKEELL,9 JEAMKL vTS (25) RO(25),1f-.(25) 9jELTA0 (25) FRI. 16
2tkKD (25) ,SU (25) pSPhC25) PI C(25) ,STPk (25) ,Thl4O(50) FRI 17
CUr.IICju ti2'STP1f.wSiP(Iz) FRI 18
COtu DN /TE'iP/ aT2(29) DSI(27),IXASI (27) ,StAR(27),SAS (27) Htll( 27), FRI 19

2 H83(27),SS(2?),X±L(d),YC6)XY(o)SH(27),HSC27),U13(4704) FRI 20
COMMOUN iL0DeRN/ 6TD2),u~2WR3 IAIIRN,3(),3(5) , FRI 21

2 PE;2(25,5) ,Pe3czsSJ ,ILA.aS PRI 22
COMMODN /PFUIL/ iFOI 4 .,RHD,NFCPL (101,SPAN (10) Ch)O(10),S (10) YF(IO FMOO 3

2),ZF(I0),DGAI'A(I0),uLZ(10),ASPILOIPR1NIT Fl'OO 4
c PRI 23
C READ AND PINT ALL DATA CARD INPUT FRI 24
C HRITE ALL UATA CAkD 114FUT ON dC0 OUTPUT TAPE PRI 25

1000 FORMIAl (1JX,*SHIP DATA GAFO IN~PUT TO HANjFL4) PRI 28
6005 FOkri4T (I)1I,'.X3iLISTIUG OF ALL INPUT DATA tLA)\DS/) PRI 29
8007 FuRMflu (2iXIH1,YXiH2,lA,1H3,9XIH4,gX,1r15,lX,1n6,9XPiH7,g9I8/ PRI l0

24XtoHCOLUNi4S ,o(lGt1234.5b7830)/l FRI 31
800o FOKIIAT (//24H LNO OF u.ATA CAKO INP'Uil PRI 372
80093 Fu thAT ( /Z7V ...CCNTINUED UN NEXT PAGc..) FRI .33
8002 Fu.Zrul (5XA3,OX,A3) PRI 3'.
d004 FOrVAT ( 2A6,Ad) FRI 35
o006 F0)-lMAT C12Xv2m.6,M83 FRI 36
6000 F0,mr.MT ( teA6) FRI 37
6101 FrzJA1 (12X,leA61 PRI 38
602d Fvxt'.AT C 1216) FRI 39
8030 Fun.AT (IZXI2I6) FRI 40
oC32 FOPMAT ( F10.4,4F1'J.r,F10.4) P:RI 41
8034 FORiMA T CI2X,F10. 4,4F 10.6,FIO.'.) FRI 42
604.0 F0OW-AT ( oF1C.4) FRI 43
oG50 FOKMiAT CI2X,8F10.4) FRI 44
8060 FUmHAT ( 15,2F13.4) PRI 45
d370 FUrN4T (leXPI5,2F10.4) FRI 46
d0d0 FUreti11 ( F10. 1, 2F10. 4, 16) FRI 47
d0.9O FO~tIAT (12X,FI0.5, 2F10.4, 16) PPI 48
8100 FUP.NAT C IbiS) FRI 49
ollO FoRmA T C12X,16i5) FRI 50

WKITz. lblI005) FRI 51
Wt<1TT Wb, aJO7) FRI 52

BACKSFA E I FRI 53
k.ALL (A CI) FRI 54
WRITE (1,1000) FRI 55

C-------------------------------------------------------------------- ------- PRi 56
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C DATA CAiD SET 3 FRI 57
C .------------------------------------- - ----------------------------- PR1 58

READ (59dO00) TITO PRI 59
WRITE (6,6310) TITC PR11 60
WR.AIE (1,8000) TITO P11 61

C ---------------------------------------------------------------- PR1 62
C OAT. LAKO SET 4 PPI 63
C---------------------------------------------------------------------------- PRI 64

REAC (5,8004) W0RCJ& WCRC2,WOkC3 P1 65
WRITE (6,a8006) WOROHCRO2,W3RC3 FRI 66
WRIIE (1,U04) WOkOWCRO2,wCKC3 PRI 61

C---------------------------------------------------------------------------- P1< 65
C DATk CA FO SET 5 PRI 69
C -------------------------------------------------------------- FRI 70

REAC (5pd020) iNUTlTpt::AS ,'lT PRI 71
WkXTL (6,dOJO) NUTNSTNmASIT PRI 72

WRITE (1,6020) hUTNSTN4ASIT PRI. 73
NiS = NST - 2 FRI 74
MZ = NSl PRI 75

C ---------------------------------------------------------- ------ FRI 76
C GATA LAD )ET 6 FRI 77
L ---------------------------------------------------------- PRI 78

READ (5,6040) (STI(I)pI=1M2) PRI 79
WkITL (6,8350) (ST1(1),=I:,ti2) FRI 80
WRITE (1,8J40) (STI(I),I=t,2) PRI 81

C---------------------------------------------------------------------------- FRI 82
L DATA CA.D SET 7 NI1 83
L ---------------------------------------------------------------------------- FRI 84

READ (5,o040) ELUSEAM FRI 85
WRITE (6,0050) ELLOEAm FRI 86
WklTL (1,8340) ELL,3rA.1 FRI 87
D 9010 1=I1uS FRI 88

C ----------------------------------------------------------------------- PRI 89
C DATA LAutO SLT 8 FRI 90
---------------------------------------------------------------------------- F< 91

READ (59o00.0) (X(IJ) ,J= I:T) FRI 92
Wr.ITE (r ,b.50) (XIPJ) J=I,NUT) PRI 93

WKIIL (I, J40) (X(LJ),JItiUI) FRI 94
READ (,d040) (Y(IJ),J=INUT) FRI 95

AKITE (19b040) (Y(IJ),J=1NUT) FRI 9?
9013 COl4TI.U_ FRI 98

iF (iT .rQ. 0) Gu TO 9320 PRI 99
C- ..----------------------------------------------------------------------- FRI c

DATA LAK SET 9 FRI 101

C - ------------------------------------------------------------------------ P1 102
READ (5,8032) T'IAS,CEI4,EI55,EI66,EI46,ZG FRI 103
WKITF (6,0oUJ TllASp6144,tJ55,EI66,LI46,ZG FRI 1C4
Wkli-. (1,JI032) T;'ASpL.144,cI55fz-I66,EI46qZG FRI 105

WRITE (69,009) FRI 106
WRITE (6,299) FRI 107
WmITL (5,6007) FRi 108

i, TO 9u30 FRI 109
C---------------------------------------------------------------------------- FPI 110
. DATA ,ARO SET 19 FRI III
---------------------------------------------------------------------------- ARI 112
9020 r(EAO (5,8040) (P.AS(I),I=INlAS) PRI 113
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4RITE (6,8050) (PMAS(I)pI1=I,NMAS$ PRI 114
WRITE (1,0O40) (PMAS(I),IrlN)MAS) PRI 115

C -- PR 116
C UJAIu CARD SET 11 FRI 117
C---- --- PR 118

R,'AD (5,6040) (X.IAS(I)t1NMAS) FRI 119
WKIIE (6,aO5O) (X,1AS(1)vI=IptNMAS) PRI 120

WKITE (1,800) (XMAi(II=IfNMAS) FRI 121
C---------------------------------------------------------------------------- FRI 122
G DATA CARO SET 12. PRI 123
C ---------------------------- ---------------------- - -- PR1 124

REAu (5,dO'4O) (YAAS(I)fI~ltN,4AS) PR1 125
WRi7E (6,6050) (YMAS(I),IxloNMAS) PRi 126
WKITL (191040) LYMAS(I)M:1=19'MAS) PRI 127

C ------------------------------------------ ---------------- PRI 128
c DATA CARO SET 13 PRI 129

C---------------------------------------------------------------------------- FRI 130

WKITE (6,d009) PRI 131
WRITE (o,299) FRI 132
WRITE (6,o007) PRI 133

REub (5,d040) (ZNAS(lI) =INMAS) Pt1 134
WRITE (6,805d) (ZMAS(I),I=1,N*MAS) PRI 135
WRITE (1,6040) (ZMAS(IJI=I,NMAS) PRI 136

C, -- ------------------------------------------------------------------------RI 137
. DATA CARO SET 14 PPI 138
C ---------------------------------------------------------------------- PRI 139

READ (5,30.0) ( Rt;(ItI:INMAS) PRI 140
WRITE (6,o050) C RRG(I),IINMAS) FRI 141
WkITL Upbd40) (R b()jI=INMA'.) FRI 142

C ---------------------------------------------------------------------- PRI 143
C uATA LAKO SET 15 PRI 14
C ----------------------------------------------------------------- Pal 145
9030 REAi, (5,d020) IXAST PRI 146

WRITE (6,o031) IXAST FRI 147
WKITE (I,8020) IXASf PRi 148

c,------------------------------------------------------ -------------------- --------- prI 1,49
C OAT (ARD SET 16 PRI 150
C------------------------------------------------------------------------------------------- Oi 151

READ [5,6020) NUKPNOB,1NOH1,NSTP FRI 152
WRITr (6,3030) tJK 1NO8,4HtWSIF FRI 153
WRITE (,d320) t,*uKfuC,3,1IUHNWSP PR1 154

C------------------------------------------------------------------------------------------- Pri 155

C OTA CArD SET 17 PRI 156
- .----------------------------------------------------------------------- P.I 157

E A r (5,8020) (IhWSTP(I)tI=tNHSTF) PRI 158
WRITE (opdOJO) (INiSTP(I)1=INWSTP) PRI 159
WRITE (1,8020) (IJW;)TP(I),i=1,NWSTF) FRI 160

C------------------------------------------------------------------------------------------- FVI 161

L DATA L.Dr. bcT 18 PRI 162
C---------------------------------------------------------------------------- FRI 163

REAO (,6040) (HOGI(I)3I=tNUH) PRI 164
WkLI (68p0503) (HOGI(I)t= 1,NOH) FRI 165

WKITr (1,6143) (H,.b1(;)?JIINOH) PRI 166
C------------------------------------------------------------------------------------------- PPI 161

L uATA LA D SEI t9 PRI 168
L,------------------------------------------------------------------------------------------- FRI 169

REAu (5p5040) (FN(I),=It1NU8) PRI 170
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WIRITE (6,050) (FN(I),I=I,NU3) PRI 1?1

C---------------------------------------------------------------------------- PAI 173WRi.Te (1, o00) (FN(I) ,j~1,t.3) PR1 172

C OATA LARD SET 20 PR1 174

C---------------------------------------------------------------------------- FRI 115
READ (5,8040) (3AlI),I=1N,;K, PRi 116
WRITE (6,8050) (3AMtlT)tI=tf,iK) PRI 177
WRITe (1,6040) (3Af,(I),Irl1tCK) PRI 178

C - - ------------------------------------------------------PRI 119
C DATA CARD SET 21 " PRI 180
C ----------------------------------------------------------------- FRI 181

READ (5,dO60) NFR,OEINOMAX pRI 182
WRIT- (6,8070) NFkONIrpOeAX PRI 183
WRITE (1,060) NFROCINulAX FRI 184

C.-------------------------------------------------------------- FRI 185
DATA LAO SET 22 FRI 186

C -- ---------------------------- - -- -------------- PR1 187
READ (5,3320) I:-R FRI 188
WRiTE (6,83331 IRR FRI 189
WkilE (1,8 2O) I.'R PRI 190

C---------------------------------------------------------------------------- Pk1 191
c DATA CARD SET 23 PRI 192
C --------------------------------------------------------------------- pRi 193

REAU (5,b020) MLIEN. I 3ILGEtPRESICAIPIPRCNT PRI 194
WkITE (6,5&30) itLIEitldjL.LI RESp,CArPIPCtJT PRI 195
WRITc. (1,6020) rLILNUI9ILGEIPR"LS,IUA,1PIFCtT PRi 196

S.------------------------------------------------------------------------ PRI 197
C OATA LAJ,0 SET 24 PRI 198
C ----------------------------------------------------------------------- PRI 199

RAD (5,80oG) VHYGRAVAMOLJLHOO Pt(1 200
WRIE (6, 80'O) VNYGkAVA.-'CCLf1U0 PRi 201
WRITE (1,6030) MY,GFAV,mM10L,N O9 PRI 202
IF UiCAIP ,EQ. 2) GO TO 9045 PRI 203

c----------------------------------------------------------------------------FRpI 204
DATA LA O ScT 25 PRI 205

C---------------------------------------------------------------------------- FRI 206
REAO (5,I00) (ITS(i),t=1,NJS) FRI 207
WRITE (6,3110) (ITS(I),I=INOS) PRI 208
WRITE (1,8100) (ITS(.L),I=I,Nt)S) PRI 209

L.---------------------------------------------------------------------------- PRI 210
C IJATm CARE SET 26 PRi 211
L---------------------------------------------------------------------------- FRI 21?

KEAD (5,8040) (KO(I),I=IN-JS) PKI 213
WRITE (6,8.50) ((i),1,tS) FRI 214
04RIT£ (1,d040) (RC(I),I=IN.,S) PRI 215
IF (i3i..Ga ,rO. 2) GO TO 9050 PRI 216

c. ----------------------------------------------------------------------- FRI 217
6 DATA tArO SET 21 PRI 218

L.---------------------------------------------------------------------------- PRI 219
READ (5,o04O) AKEELLtOEA.KL PRI 220
WkITE (6,8050) A<('SLLEAMKL PRI 221

WRITE (1,o040) AKELLtEAllVL PRI 222
O0 9040 I=INUS PRI 223

C.---------------------------------------------------------------------------- P'l 224
. UATA ",O Sc.T 8 PRI 225
c.---------------------------------------------------------------------------- F<I 226

R,.AC (5,8040) KF(I), ELTAD(l),RK(I),S(I),CCSFHU(I),PHIC(II PRI 22?
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WKITE (6,8050) RFO(IICELTADCL)RKu() tSD(I),COSI'HD(I),PHIG(U) PR1 228
WRIT L (1,8040) &FO(I) PLOELTAu(I),kKCtII),SJ() tCOSI-HUI)PPHICcI) FRI 229

9040 CCtI hU.S PR1 230
9G45 COf. I.uJ PRI 231

C PRI 232
C JATA CAoiC SET 29 FRI 233
C ------ ---- PRI 214
9050 IF cPrs. ,EQ* 1) R-AD (5,5040) (STPR(I),IlNS) FRI 235

IF (IFhS ,EO. 1) WRITE (698050) (bTPR(I)IIllhOS) PRI 236
IF CIPRES .EQ. 1) .WRITE (18040) (STPR(I)lIlzLOS) FRI 237
NOSMI = NUS - I PRI 238

r, DATA i, AkD SET 30 PRI 240
C - ----------------------------------- ---- P 241

IF (IT .tt. 0) REAT (5,8040) (STLD(I),I:,KCSMI) FRI Z42
IF (IT EQ. ]0) RETE (65,050) (SLO(I)IzItNCSMJ) PR Z43
IF (1T .LQ. 0) WRITr (1,8040) (STLa(I):I=1NClSH1) PRI 244

NHF = NOHhNO2*NWS7P PRI 245
IF (ICAMP .EQ. 2) GO TO 9052 FRI 246

C ------------------------------------------------------------------------ FI 247
C uATA CARD SET 31 FRI 245
C ------------------------------------------------------------ FRI 249

,READ (5,0d040) (THMD(I)jL=.IfHF) FRI 250
WKITL (6,d050) (THM0I),I:1,NHF) PRi 251
WRITL (1,dJ0) (THtO(IJI=INhF) PRI, 252

9052 CChiINUE PRI 253
IF (DAP .LE. 0) IDAl.P = t FRi 254
IFU(1APP-2) 9090,9055,9080 FMCD 5

9055 CLUTINUE PRI 256
C ---------------------------------------------------------------------- .Ri 257
L DATA CAKO SET 32 FRI 258
C---------------------------------------------------------------------------- o~i 259

READ (5,3040) (32C(.),63( lI=INuB PRI 260

WR1IE (6t8050 (12(1),93(l),I=J,1u3) FRI 261
WUITE (,0LO0) (92(1),03(I),i=ivNU8) FI 262
IF (If-.iNT .Nc. I) GO TO 9090 FRi 263
00 907d I=INuS PRI 264

---------------------------------------------------------------------------- FRI M6
C UATA CA O SET 33 PRI 266
c---------------------------------------------------------------------------- F,%I 2U7

READ (5,6040) (P32(I,J),P'J3(IJ),J=l NO9) PRI 2E8
WAIE (6,C50) (Pd2(IJ),P83(IJ),J=t10f8) PRI 29
WPITE (idO4O) (P:CIJ),Fd3(1,J),J:iN8) PRi 270

9070 CONTINUE PRI 271
GO TO -090 PRI 272

9080 GUN71:U PRI 273
C---------------------------------------------------------------------------- FRI 274
C DATA L.A D SET 34 PR1 275
C -------------------------------------------------------------------- PRI 276

READ (5,8020) ItLA.S PP.1 277
WkIT, (b,6JO) ILLASS PiI 276
RI.TL (1i6020) ICLAzS PRI 279

9090 CCNTINUE FRI 280
965 FURl,ATC 15,3Fi2.2) FMOD 6
9U6 FOiI, AT (1X,.S3F12.2) FM1OC 7
907 FURHAT( 15,3FI2.2) FiOD 8
97u OK0AT ( F3.0,5F7.2,F5.0,1C.7,FS. I) FtOC 9
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971 FORMAT (12XF3.0,SF7.2,F5.0,FIO.T,F5.1) FflOO 10
960 FO'IMATd//IJH CAIZO SET 36) FMOO 11
990 FORMAT (//13H CA;ZO SET 31) FMOD 12

?001 FI~w.AT (214 FMOD 13
7002 FOt~-T (//22H FOIL DATA Li.AC INPUT) FhCC 1
1003 FU -ZMAI L//32H1 HYJRCFCIL VESSEL WITH FOILS UP/) FHOD 15
7004 Fr,&r.ATC//34H1 HYJdOFuIL vESj L WITH FOILS DOWN/) FROO 16
221Z FO.,.XAT (/2ti,1n1,lX,1H2,qx,1d3,9x,1h'.i,LH5,9X,1H6,9X,1HT,9X,±H8/ FIMOO V7

24X,ohLULJil4S ,o(1Uril23ts567'j0) ) FI CO i8
2213 FU;ki;IT/ 14 x p2 aFp9X p4HF VOL , 6 I4HF XC E 3X, 4H FZC3/ FMWO 19
2214 FORN.T0 (/12X,3hCPL,X,4HSeAN2,5H,HCeRQ,3X,'.HX(S),'X,IHY,6X,1HZ,2X FmCO 20

2 6 HCGu1..A ,jx, 3 CL Z, 5X, 3HA SP/) FROO 21
C---------------------------------------------------------------------------- FmCo 22
c DATA LAFO SET 35 FHOO 23
C---------------------------------------------------------------------------- FI:C 24
r. HYupiOFC±L VESSEL WITH FOILS UP - IFOIL=1 FIMCO 25
L HYuFO I1L VL.SEL .411H FOILS CCWN - IFOIL=2 FROO 26
L F~iNTLUT OF MAT.xIX EQUATIONS (NU 0 ,YES 1) FMOD 27
c FHOO 28

READ(5,700I) IFOIL,IFRINT FMOO 29
IIFFlCIL .NE. 2) IFOIL-1 FMCO 30
W9R1TE(1,7C01) !FOIL FMCO 31
ItA1FIAL-1) 9091,13491,9092 FMOO 32

9091 WRITE(6,7003) FmOC 33
GO TO 9515 Ft100 34

9092 WK!TA-6,7034) Ff1CO 35
Wz6 T E(6, 10 32) Ff100 36
WKITL (6, 2212) FMCO 37

C---------------------------------------------------------------------------- Ff00 38
L DATA LA'O SET 36 Ff100 39
C---------------------------------------------------------------------------- Ff1C 140

c NU~t3Lik CF INPUT FOIL ELEME1, OIziPLACFC VOLUMIE (wCr043) Ff1C0 41
L LCNGITU.Nm. CL:4T-AR OF JOYAtNCY Fr(Ol1 F.P. AND V~kTILAL Cc.NTEk uF Ff100 42
c BOYA-'t6Y F.WOI WATt.r(LIUL (WUF~u) OF THr- L.141I.( HYU;R0FOIL SYSTEM FIKCD 43

REAC(5,915) NF,FJOL,FXCd,FZCtsFMC0 4

WkIITE(t, i80) F100 46

WkITE~b~j0b) NF,FVUL,FXG3,FZCB F4'- 48
WK17 EC(1, 30 7) tiF#,HCL,F(C8,FZCD 4O 4
WRIT L 1(3193) Ff100 50
Wkj.tE (6, 22 14) Ff1CC 51
00 100 IzlNF F.'iC 0 52

C---------------------------------------------------------------------------- Ff00 53
L DATA LAiO 5... 37 Fn100 54
C---------------------------------------------------------------------------- FeC3 55
L FUlL ELEMFNI IN VErJICAL uCNTER PLANE (CPL:1.. FOR YCS, CPL=2. FCvR Ff1CO 56
c NUi) , FIYu<CFuIL ELC-iENT SPAN. (F7), :HOKC (FT), t..RLI)INATES X,Y,Z F!CD 57
C OF luPUIt4T (FT) , aL1HL0RAL AN3;LL UF V-FOIL (UtG) , VLRrII..AL LIFT FM C C 58
C SLOFL (WU-%O2/WO-(U), A!SP IN THE IA TU'K Ar(/ (AR+ ASPI FO.< FINITE F OOC 59
C SPAN Ff100 60
L. FlMOO 61

KrAO(5,701 CPL(I),SPAN(I),.HOI.O(I),S(I),YF(I),ZF()uIfMA(l),CL F tC E 62
2Z( L) AL~I-) FI'CjD 63

wRiTC(6,'371) OI'L(I),SPAN(I),,.HU,u(),S(l),YFCIZFI,GMMA(I),CL FMCC 64
2ZUJ) ,AS?CI) Ff100 65
*WK~IC (1, 370) C:PUl) ,bPAtl(I) ,COUROLII,SCI)PYF(I) ,ZFCI) ,JGAMMA(I) ,CL Ff1CL 66
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2ZC I) ,ASP (1) FMOO 67
100 CONTINUE FMOO 68

WKITLC 692212) FMOO 69
9515 COUTINUE FMOG 70

WRITE (6,8008) FRI 281
XG =0. FRI 282

FACTx0 .0I?4532v3 FRI28
C--ALGOKITHM TO COmPUTL SECTION WIDTHS ---- ----------- ------- P 284I

EPS a0.001 FRI 285
K =2 FRI 286
SECTS = ST1(I) FRI 287
01FF - STI(2) - SECTS FRI 28
SECTE =ST112J + 01FF PRI 289
IF (!SLCTL .GT* (ST1C3)iEPS)) GO TO 956 PRI 290
IF (tDS(SECTE-STI(3)) *LE. EPS) SECTS z STiC2) - Q.5*OIFF PRI 291
NO$ a NST - 2 R 292
0O 955 N1,tNUS PRi 293
K =N +1 I RI 2 9.
ST(N) =STICK) FRI 295
01FF =STICK) - SECTS Felt 296
SE(LTE = STICK) 01OFF PRI 297
IF ( (KI J .EQ. NST .ANO. SECLE. GT. (ST I NST) #FPS)J )60 To 956 PRI 298
IF ((K+1).LT*NST *ANC. SECTE.GE. CSTi(K~1)-EPSJ) Gu To 956 FRI 299
OS(N) =S;-CTr. - SECTt3 FRI 300
SECT6 = SECTE FRi 301

955 COhiTINUE FRI 302
GO TO 95? PRI 303

956 WRITE (6f2000) bTI(KISfi(K~i),SEC;TE PRI 304.
2000 1-UMMAT (41 STATIUN NUMBbm ERCOR --/13X,*SECIION ASSOCIATEJ * FRI 305

2 *WI1H 3TAT±0UNF8.3t* INCLUDES STAT1ON*,Fd.S,O./13X, PRi 306
2 *;N V. S:.CTION =*,F3.3,*. COR~RECT STATION NUPOERS ANti AERUN.*/ FRI 307
2 26X,*- PROG.RAM STOP -) Ri 308

STOP FRI 309
957 CON71NUE PRI 310

C FRI 311
C NUT=NUMELR OF OFFSETPOINT. EUk~ EAL-H SECTION pi 312
C NAA NUM!.,LR OF tOASSPOINTS PRI 313
C NOSNULEm OF bTATIONS FRi 314.
C IT=3 ML..t"SaDIN-.TIA1tkNrtTSHiASS AND CENTEIm OF GR~AVITY FOR EACH SECT1CN P-11 315
c la 1NVUT pRi 316
L. ST=THL DIb(ANCE FROM FORWARD FCe<PENDICULAR TO THE STATIONS FRI 31?
C D.,THE LENGTH OF THE STATIONS Pl 1

4C, iEAtJ=T1hL dJLAt OF THE SHIP PRI 319

EL=ELL/2. 0 PRI 321
cL2=rL* -: FRI 322
LL3=EL2*EL PRI 323
DJRAFT AoSIY(10,NUT)) FRI 324
00 9060 I=Lt'2 FRI 325
.0 = 511(1) + *0001 FRI 326

9060 IF (J .E4. 10) DRA4FT = AdSCY(I-11NUT)) FRI 327
OHAX = DAFT PRI 328
00 5 K=1,NUS pRi 329
30 5 J1,jNUT FRI 330
TEKK A3S(Y('(,JI) PRI 3X

5 IF (ut1AX LT& TERII) OIIAX =TERM Pi 332
00O 21,0 K=INUS PRI 333
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OS (K)=CS (K)*ELL/20. PRi 334
ST CK)=ST (K)*ELL/20. FRI 335

200 CONTINUE p~t1 336

IF(IT) 70,11,70 FRI 337
T ONINtUE FR 1 338

C PRI 339
C ZG=Z-COORCINATE OF ZFEmTEK OF GRAVITY WITH RESPECT TO THE CHOSEN PRi 340
C COUt~uIN~.TE-SYSTr1 IN WATcrPPLANE FRI 341

GO TO 72 R32

71 COtvdZNUE PRI 343'
C FRI 3'1'.
C CALCULATE TJTAL MAS.:T'4AS PRi 34.5
C L.AL ULATE tCc.NrER OF GmA'VITY PRI 34.6
C I.ALLULAIE fiMN~TrS OF INERTIA i.NO CENTKIFUGAL 1ONENTS PRI 34.7

C PRi 348
T1A0.0 FRI 34.9
XG=0 .0 PRi 350
ZG=0.0 FRI 351

00 j 1=1,?;MAS PRI 352
T11AS=TXM4PMAS (I) FRI 353
XG=XG+PMAS LI)#XMAS(I) PR1 354
ZG.=Z(,.Fr1AS (I)*ZIIAS(I) PRI 355

9 LCNTINUt. FPi 356
XG.=XG/TIAS PRI 357

ZG=ZG/Ttl"S PRI 358
E144=0 .0 FRI 359

E155=0.0 PF, 360
c166=0.0 PRI 361
EI46=0.J PRI 362
00 10 I=ItNMAS FRI 363
XHAS (I)=XnAS(l) -.G FRI 364

10 ; ONTIN Lt FRI 3o5
00 11 I=1=,.XS FPI 366

Z02=Z1rS(I)**2 FRI 3E7

E1i=14P4SI*Z +tvI42 PRI .3o8
E155=L5I+PAS(I)ZC2+X4AS(I)*'2) PRI 369

Ei66=Ei6~+r'tS(I)#(XIlAS(I) *2.1ASCI)442) PRI 370
E146zLI4o+r'ASI)X1AS(1)ZM1AS(I) PRI 371

11 CUNT If.L; FRI 372

E1EI'.4'./TMAS/ELL/ELL FRI37
E1 55=E 155/ TtA S/ELL /E LL FRI 374
El6b:1 165/reAS/L. L/ELL FRI .375
r~j46=t4-/TNAS/E=LL/Z LL* (-I. PRI 376

72 CONd1NLE FRI 377
L FRI 378

C E144=0~.LLL-KAOIUS OF GYF.ATION/L)942 PlU .379

C E15 0=(PIT 1-,iAU.LU OF GYRAT ICI/L)4 P RI 380
L E166=(Y,.W-e-AQ±US OF GYRATIOt/L)#62 FRI 381

L 6 14b=CEtT 9±FUuAL-tiOtEC4TX-Z/tIASS/L/L FRI 382
P RI 3a3

C RIl 384

C CALZULATICIN UF HYCRUSTATIC QUANTITIES FRI 385
c FRI 386

SOAk(I)=0. 0 FRI 387
Aui (1) = . 1 FRI 388

SAS(1I .].0 FRI .339
HoM( 1) =0. 0 PRI 390
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H83( 1) =0 *0 RI391

EOmzNCS PRIt 392

j4ACxJNJSi FRI 393

iuD=RAG+I PRi 394

SQMR (tuj I =a. 0 PR!. 395

AM (MuO)it0. 0 FRI 396

SAS(mUCWz0.0 PRI 397

HjfNNuO) x 0. 0 FRI 398

t$83(MUC)=0.0 FRI 399

SSM1 x ziII/0. PRI 400
SS(mUL) = bTlCHSTI/lo. FRI 401

00 13 K=29MAO FRI 1*02

IPI=K-I FRI 403

SS(K)AST C1PI)/EL PR1 404

00 17 J=INUT FRI 40~5

XI (j)zXLPPJ) ILL FRI 406

Vi Cj)zY(lPiJ) /EL FRI 407

XV CJJZXI(J)*YI (J) PRI 4.08

17 CONT1NUL FRI 409

SQAk(K)2.0'ABS (SIMPUNTl(I,XI,NUT)) FRI 410

Afl(K)=-2.GSMUNCYI ,XY,NUTJ FRI 411

SAS(K) :SS(KiU SOAKC(K) FRI41
H03CK)2.*X IPIp1) *3/EL3 FRI 413

13 CONJTINUE FRI 414.

TVOL~Id1PUN (SS ,SQAR ,UD) FRI 415

TPbT=:S1.19Ud(SS ,SAS,iIUC)/TVOL PRI 416

TPCM=Sli1PUtlCSb ,HG3,9UC) FRI 4.17

Ct3v- 0. 54S±PUN(SS,AH,RiuOIITVOL i41

IF(IFOIL-1) 51,SI,52 FtiCD 72

FZC6:F2't3/ELL FPMCO 73

FVCL=I-VtL/EL3 . FMOD 74

HVOL=T VOL FXGO 75
T VOL=HVuL+FVCL M r

IPST= ITPbT*HVOL+FXC8'*FVUL) /TVOL Fr.CD 77

L;BV= (CVHU+Zc*7L /T VOL FMOO 78

51 CUi,7 INUE FMOO 79

.ZHO=7tMAS/ (TrVOL~r.L3) P1100 80

LMZ=C9V*TPCMlI3. 0/TVOL0. 5 FRI 419

C TVUL=VULU11t OF THE~ HULL/L/2)*3 FRI 4.21

C TPSf=L~fGrUDIIAL C-'NTc.R OF dUYANCY/CL/2) FRI 4.22

lCd3VzVEmT7ILA- CENTER OF SOYANCY'IL PR, '.23

C ClC=4ETMItEUTER HEIGHIT OVER WATERPLA1JE/L FRI 42'4

C FRI 425

c PRI 4.26

C tAL...ULATiCN OF HEAVEHEAVEPITLH-PITCHHLAVE-PITCh rESTORINuLCUEFFICI FRI 427

L, PR1 '28

OU 22 Kz2,lIAO FRI 4.29

IPI=K-1 P RI 410

i.S(K1=SI (I/EL PRi 431

H~i'(K3 :X(IP1,Il/EL FRI 432

22 CUjNTINLE PRI 433

00 26 K=IMUI] FKi 434

SPO:S(K3 -tPST FRI 435

.Po=-Sp) FRI 436

:)Ht3(rs) bPO'HOI1(K)*(-I#) FRI 4.37
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26 u IV R43
<F,35=.J.IPJN(SSri,U) / rVL FR~I 440
~mh35=-Z. 'I eUN(SZjtH3,MiUD) /IVUL FRI 44t-1

~M5Su~L,',IUC) /TVOL PU442
C(,M= AJ Z /F LL -C'IC) P 1 44
NON=NUT-1 Il 1 44l

C.PR 1 445
L. IXAST~l-*U-'13Lt UF T~. SIATIOt4 WH..kL .6EPAh..IION, IN WTLFPLAUc BEGIN~ PFI 446
C PRI 4,.7

CALL F INTI ptz 44:
kcTUk. P.<I 44L5
E NO PRI '5

C PN1 2
C --- VERSION 4 - COC 6700 - P P I N T I - JUNEt 1972------------- PNI 3
C PNI 4

SUBROUTINE PPINTI PNI 5
COMMON AM(?7),NUTNMASNOSST(5),OS(25),ELELLZ(2S,8)Y25A)PmPNI 6
IAS(27),XMAS(27),ZMAS(27),PRG(?7),XC,,ZGTMASE!44,El55,E166,F146,TPPNI 7
2STRF33,PH35,Ph4S.ODG~,0IPK,NTVOLALFA(40,I1) .8ETA(40,1l ,NDGCIO)PNI 8
3.FN(5),BA4(30),CDG(10),SOG(I0),OMAXOMtNNFRNOK,N08,NOH,0MEN(40),PN1 9
4FP(7,6),XX(2S,7),YY(25,7),OEL(25,7),SNE(2S,7),CSE(2S.7),ENI(2597),PNI 10
S'U'OMEGA.iOTITO(12),WOPONONIXASTHDG1(10),!TCRVCMCPRNTOP PN1 11
COMMON STI(27),YMAS(27),BEAMOPAFTOMAXIRMLIENDIBILEIPRES, PNI 12
2VNYGRAVAMODLMOOAKEELL,8EAMKLiTS(25),POC29),RrO(25),OELTA(?5)PNI 13
2,PKO(25),SO(2S),COSPHD(25),PHifl(25),STPP(25)tTHHO(SO) PNI 14
COMMON NwSTP,!NWSTP(121 PNI is
COMMON /TEMP/ ST2(29),OS1(27),XMASI(27),SOAR(27),SAS(27),H8M(27),PN1 V.

2 MF3(2I),SS(27),XI(8),YI(8),XY(8)@S16(27),HSB(27OIJM3(4704) PNI 17
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COMMON /LOOPRN/ STLD(?4),Wf)Rf2,WO03,iDAMPIPRCNTR2(51,R3(S), PNI 18
2 P82(2S95)9PB3(25,5)9ICLASS PNI 19

INTEGER PRNTOP FNI 20
DATA 41N /3H141N/ RN! 21

L10 FOPR44T(2HONUKBER OF HEADINGSwI6) PN! 22
11 FOPMAT(I0H HEADI' -8FIO.4) PtJI 23
12 FORP4ATC26HONtiHBER , FROUDE NIMBEPSIl6) PNI 24
13 FORMAT(16M FROUDE NUMRERS-8F10.4) PHI 25
14 FOPMAT(OONUMBEQ OF WAVE STEEPNESSES*16) PHI 26
15 FORMAT(* WAVE STEEPNESSES-912161 PNI 27

e16 FOPMAT(23H0NU49EP OF WAVELENGTHS=I6) PNi 28
17 FORMAT (14H WAVELENGTH/L-8FI0.4) PHI 29

2Q9 FORMAT UI.I12A6) P141 30

300 FORM4AT(///) P41 31

301 FORMAT(103H DEFINITIONS, OUTPUT SCALING INFORMATION, DIMENSIONALIZPNI 32
IATION FACTORS, AND COORDINATE SYSTEM DESCRIPTION) PHI 33

302 FORMAT (o MaDISPLACEO MASS VaDISPLACED VOLUME *PHI 34

2 ORO=DENSITY OF FLUID (M/V) GuACCELERATION OF GRAVITY*) PHI 35
303s FOPMAT (* FNmFROUDE NUMBER BaREAM L-LENGTH BETWEEN PEPPE*PNI 36

2 ONDICULARS*/ AMPL.,xAMPLITUDE R=WAVE AMPLITUDE LAMoWAVELOPNI 37

2 *ENGTH I(aWAVE NUM8ER (360 DEG/LAM) XO,lH*,9RuWAVE SLOPE*/Pm* 38

2& PHASE-PHASE LAG (DEGREES) WITH RESPECT TO THE MAXIMUM WAVE * P141 39

342 *ELEVATION AT THE ORIGIN OF THE X.YtZ COORDINATE SYSTEM**) PHI 40
34FORMAT (* WEwWAVE FREGUENCY OF ENCOUNTER (RAO/SEC) * NI 41

2 *WE(ND)m WE *9IHO90 SORT(L/G) (NONDIMENSIONAL)*) PNI 42
305 FORMAT;27m A(1,1)zADDED MASS IN SURGE,4X,26H A(2,2)wADDED MASS IN PNI 43

ISWAY,4X*27H A(3.3)wADDED PASS IN HEAVE#4X928M A('.,4)nADDED MOMENT PH) 44

21N ROLL) PNI 45

306 FOPMAT(29H A(5.5)=ADDED Mc"ENT IN PITCH,4X#27H A(6,6)*ADDED MOmENTPNI 46
1 IN YAW,4X,47H A(3#5)=COUPLED ADDED MASS FOR PITCH IW'TO HEAVE) PHI 47

307 FORMAT(45H A(2.4)mCOUPLED ADDED MASS FOR ROLL INTO SWAY*4X944M A(2PNI 48

196;=COIJPLED ADDED HASS FOP YAW INTO SWAY) PNI 49
308 FOPMAT(46H A(4.6)sCOUPLED %DDED MOMENT FOR YAW INTO POLL) PNI so

309 FORMAT(214 B(1,I)mSURE OzAPING94X*20H R(2,2)RSWAY DAMPINGv4X#21H PNI 51
1B(3,3)xHEAVE DAMPING,4Xt2OA B(4,4)uROLL DAMPING) PNI 52

310 FOPMAT(21H 8(5tS)2PITCH 014PING94X919H 13(6,6)*YAW DAMPING94X940H BPNI 53
1(3,S)=COUPLED PITCH INTO -7AVE DAMPING) PH) 54

311 FORHAT(38H B(2,4)-COUPLFC :;)LL INTO SWAY DAMPIHG,4X,37H 8(2,6)uCOURHNI 55
1I ED YAW INTO SWAY DA4PIN-,4X937H B(496)=COUPLED YAW INTO ROLL DAMPNI 56

2PING) PN1 57
312 FORmATC63H A(lI),A(2,2) A.4) A(393) APE DIMENSIONED WITH RESPECT TPNI 58

10 MASS.v2X,48H A(4t4)*A(S5),A(696) AND A(496) ARE DIMENSIONEn) PNI 59

313 FORMAT(26H WITH RESPECT TI MASSOL.L.,2X9b5H A(3,S),A(2#6) AND A(29PNI 60
14) ARE OIuENSIONED WITH P17iECT TO MASSOL.) PNI 6!

314 FORMAT(1OOM THE DAMPING C'rFFICIENTS ARE DIMENSIONED WITH RESPECT PHI 62

ITO THE CORRESPONDING FACT7 S * SOPT(G/L). P N) 63
315 FORMAT (*OEXCITING FORCES ARE SCALED BY *v7HM*G*R/L,*. * PNI 64

2 *EXCITING MOHENTS APE SCALED BY *t5Hm*G*R,1H.) P-14 65

316 FORMAT C. SURGE,5WAY AND WIEAVE MOTIONS ARE SCALED BY P. * PNI 66

2 *ROLLPITCH AND YAW MOTI'4S ARE SCALED BY K093H*R./ PNI 67

2 * SHEAR FORCES ARE SCALE) BY 0910HROGBLR*. MOMENTS APE *PNI 68

2 *SCALED BY *v13HPO*GR*L'L*R.) PHI 69

317 FOPHAT(63H THE REFERENCE rY3ORDINATE SYSTEM FOP THE MOTIONS IS AS FPNI 70

I OLLOWS-) PNJ 71
318 FORMAT(I14HOTHE ORIGIN IS 3N THE CENTERLINE AND LIES IN THE LOAD WPN1 72

IATER PLANE WITH A LONGIT*,'iNAL LOCATION THE SAME AS THE CG.) PNI 73

319 FORmAT(76H THE X-AXIS IS ...ONG, THE CENTERLINE AND POSITIVE IN THE PNI 74

IDIPECTION OF THE AP.,2X,3'9 THE Y-AXIS IS POSITIVE TO STARBOARD.) PNI 75

320 FOO'IAT(32H THE Z-AXIS IS -;OSITIVE UPWARDS.) PN1 76

321 FOPMAT(88HOTHE POSITIVE 0:PECTIONS OF THE MOTIONS ARE THE SAME AS PNI 77

ITHE POSITIVE DIRECTIONS Or AXES.) PHI 78

322 rORMATCI2OH THE PEFERENCE COORDINATE SYSTEM FOR SEA-LOADS HAS ITS PN1 79

IORIGIN ON THE CENTERLINE I'- THE STATION AND AXES PARALLEL TO THE )PN1 80

3?3 FOPMAT(31H MOTION COORDPI'.ITE SYSTEM AXES.) P-14 81
431 FORmAT (o THE LENGTH Dll' 'JSION USED=uA6,'. THE FORCE DIMENSOPNI 82

ITICS OF THE SHIP) PNI 85
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2 FORMAT(8F 10.4) PNI 86
33 FORMAT(2OHONUMBER OF STATIONSsI6) PNI 87
36 FORMAT(I33HODISTANCE FROM THE F.P. TO THE STATIONS USING A SCALE OPNI 88

IF L.B.P.*20.0 (A MINUS SIGN INDICATES THAT THE STATION IS FORWARD PHI 89
20F THF F.P.)) PHI 90

37 FORMAT(17H STATION SPACING-) PHI 91
39 FORMAT(37HONU)MRER OF OFFSET POINTS PEP STATIONO12) PNI 9?
40 FORMAT(60H OFFSET POINTS(EXCLtJDING THE EXTREME FORE AND AFT STATIOPNI 93

INS)-) PHI 94
42 FORMAT(IOH STATION FR.3) PHI 9S
44 FORMAT(4H Y- RF10.4) PNI 97
43 FORMAT (4H Z- 8F10.4) PNI 97
45 FORMAT(?3HONUMBER OF MASS POINTS016) PNI 98
46 FORMAT(25H MASS FOR EACH MASSPOINT-) PNI 99
47 FORMAT(69H MASS POINT COORDINATES IN THE MOTION REFERENCE SYSTEM(OPH1 100

IRIGIN AT CG).) RNI 101
48 FORMAT (4H Z- 8FIO.4) PNI 10?
31 FORMAT(3IHOLENGTH BETWEEN PERPENDICULARS=F1O.4) PHI 103

325 FORHAT(17H BEAM AT MIDSHIP=FIO.4) PNI 104
SO FORMAT(12H TOTAL ?4ASS=FIO.4) PNI 105
91I FORMATW3H (ROLL-RADIUS OF GYRATION/L)*0EI4.6) PNI 106
S? FORMAT(33H (PITCH-RADIUS OF GYRATION/L)o*2mE14.6) PHI 107
53 FORMAT(31H (YAW-RADIUS OF GYRATION/L)0*2=E14.6) PN1 108
54 FORMAT(39H CENTRIFUGAL MOMENT YAW-ROLL/MASS/L*.?.E14.6) PNI 109
55 FORHAT(/?7H DISPLACED VOLUjME/(L/2)*f3uE14.6) PNI 110
96 FORMAT(38H LONGITuDINAL CENTER OF BOYANCY/(L/2).E14.6) PN1 III
57 FORMAT(3OH VERTICAL CENTER OF BOYANCY/L=EI4.6) PN1 112
58 FORMAT(37H METACENTER HEIGHT OVER WATE-PLANE/LeE14.6) PNI 113
S9 FORMAT(35H HEAVE-HEAVE RESTORING COEFFICIENTwEI4.6) PNI II'-
60 FOPMAT(15H HEAVE-PITCH RESTORING COEFFICIENTmFI4.6) PNI 115
61 FORMAT(35H PITCH-PITCH RESTORING COEFFICIFHTuEI4.6) PNI 119)
62 FORMAT(61H DISTANCE OF CENTER OF GRAVITY FROM THE FORWARD MOST STAPNI 117

ITION=El4.61 PNI 118

63 FbPMAT(?6H Z-COOODIHATE OF THE C.G.OEI4.6) PNI 119
900 PORMAT (51HO ADDITIONAL INPUT DATA) PNI 120
910 FORMAT (4HOIT.IlS,8X,7H IXAST=16) PN1 121
9.j0 FORMAT (48HOSECTIONAL MASS AND MASS DISTR18UTION INPUT DATA) PN1 122
940 FORMAT(26H XMAS FOP EACH MASS POINT-) PHI 123
950 FORHAT(?6H YMAS FOP EACH MASS POINT-) PNI 124
960 FORMAT(?A.H 7MAS FOR EACH MASS POINT-) PHI 125
970 FORMAT(?5H PPG FOR EACH MASS POINT-) PNI 126

8000 FORMAT (o STATION SPACING-*) RNI 127
8010 FOPMAT (9E14.t;) PNI 128
C PNI 129
C OUTPUT PNI 130
C PNI 131

IF (PRNTOP .EO. MIN) GO TO 2000 PHI 132
wRITE (6,299) TITO PHI 133
WRITE(6*300) PHI 134
WRITE (6. 301) PHI 135
WRITE(6.300) PNI 136
WRITE (6.302) PNI 137
WPITE(6*303) PHI 138
wPITE(6. 304) PHI 139
wRITE (6,300) PHI 140
WPITE(6930S) PNI 141
wPITF(6.306) PNI 142
vWRITE (6. 307) PNI 143
.4RITE(6,308) PNI 144
WRITE (6. 309) PHI 145
wRITE (6,310) PNI 146
WRITE (6,3111 PHI 147
WRITE (6, 300) PHI 148
wRITE(6,31?) PHI 149

WRITE (6.31)) PHI I50
WR!TE(6, 314) 61PHI 151



WRITE(69315) PNI 152
WRITE(6#316) PHI 153
WRITE(69300) PNI 154
WRITE(69317) PNI 155
WRITE (69319) PNI 156
WRITE (6.319) PHI 157
WRITE(6*320) PHI 158
WRITE(6s321 3 PHI 159
WRITEC69300) PNI 160

PNI 161
WR oc 6 323) PNI 162
WQITE(69300) PNI 163
WRITE (6,431) WORDtWORO2,WORO3 PHI 164

WRITE(6*324) PNI 165
WRITE(69300) PNI 166
NOS2 x NOS * 2 PNI 167

WRITE(6*33) NOS2 PNI 168
WRITE (6936) PNI 169
NOSHALxNOS PN1 170
NOSHILINOSHAL .2 PNI 171
WRITE(692) (ST1(K),Ku1,NOSHIL) PNI 172
WRITE (6.37) PN1 173
WRITE(692) (DS(K)oKuI.NOSHAL) N 17
WRITE(6,39) NUT PNI 175
WRITE(6940) PN1 176
DO 41 K1,#NOSHAL PNI 177
TKxK.1 PNI 178
WRITEC6942) (ST1(IK)) PNI 179
WRITE(6,43) (X(KtJ)gJ=I.HUT) PNI 180
WRITE(6944) (Y(K*J)tJ=19NUT) PNI 181

41 CONTINUE PHI 182
IF(IT) 73974.73 PNI 183

74 CONTINUE PU41 184
WRITE(6,45) NMAS PNI 185
WRITE(6946) PNI 186
WRITEC692) (PMAS(I),Iu1,NMAS) PNI 187
WRITE(6947) PNI 188
WRITF(6943) (XMAS(I3,tzlsNMAS) PNi 189
WRITE(6*48) (ZMAS(DI,TiNMAS) PNI 1';0

73 CONTINUE PHI 191
WRITE(6931)ELL PNI 192
WRITE(69325) REAM( PNI 193
WRITE(6955) TVOL PN1 194
WRITE(6956) TPST PNI 195
WRITE(6t57) CRy PNI 196
WRITE(6958) CMC PNi 197
WRITE(69S9) RF33 PNi 198
WRITE(6960) RM35 PNI 199
WRITE(6961) RM55 PNi 200
WRITE(6962) XG PNi 201
WRITE(6t63) ZG PNi 202
WRITE(6950) TMAS PN1 203
WRITE(6951) E144 PNI 204
WRITEC6o52) E155 PN1 205
WRITE(6*53) E166 PNi 206
WRITE(6%54) E146 PNI 207

WPTTE (6,900) PN1 208
WRtTEC69910) ITvIXAST PNI 209
IF(IT) 10009920#1000 PN1 210

920 WRITE(69930) PN1 211
WRITE(6#940) PNi 212
00 20 Is1,NMAS PHI 213
XMAS1 (I)=XMAS(I) .XG PNI 214

20 CONTINUE PNI 215
WRITE(692) (XMAS1(1)91=1,NMAS) PNI 216
WRITE (6,950) PNI 217

62



WRITEC6*2)(YMAS(I)vIs19NMAS) PN1 218 ~
WRITE(6*960) PN1 219

FWRITE(6t2) (ZMAS(I),I9NMAS) PNI 220
WRITE(69970) PN1 221
WRITE(6.2) (RRG(I),I11NMAS) PN1 222

1000 CONTINUE PN1 223
WRITE(6910) NOH PN1 224
WRITE(6.11; (HDGl(jjqj~j,*NOH) PNI 225
WRITE(6912) NOB PN1 226

WRITE(6913) (FN(JJ)9JJz19NO8) PN1 227
WRITE(6*14) NWSTP PNI 228
WRITE(6.15) (INWSTP(JJ) ,JJUI.NWSTP) PNI 229[WRITE(6,16) NOK PNI 230
WRITE(6ol7) (RAM(LL),LLxIsNOK) PNI 231
WRITE (6,9003) PNI 232

9003 FORMAT(29HIAODITIONAL INPUT INFORMATION) PNI 233
WR.ITE(69591) IEND PN1 234

591 FORMAT(6HOIENDzI6) PNI 23S
WRITE(69S92) IBILGE PNI 236

592 FORMAT(8H IHILGExI6) PN1 237
WRITE(69594) VNYGRAVAMODLMOD PN1 238

594 FORMAT(SH VNY=Fl0.892X96H GRAVuF10.492X97H AMODLEF1O.4,SH 9400.16) PN1 239
WRITE(69599) PNI 240

595 FORMAT(8HOITS(K)x) P'N1 241
WRITE(6v6)(ITS(K)9Ku1,NOS) PN1 242

6 FORMAT(1615) PNI 243
WRITE(69596) PNI 244

596 FORP4AT(7HOPD(K)z) PNI 245
WQITE(698001)(ROCK) ,K=1,NOS) PN1 246

8001 FORMAT(8FI0.4) PNI 247
GO TO (6519650).IF3ILGE PN1 248

651 WRITE(bS97) AKEELL98EAMKL PN1 249
597 FORMAT(8H0AKEELLxF10#492Xq8H PEAMKLuF1O.4) PN1 250

WRITE(69598) PN1 251
598 FORMAT(8HORFD(K)z) PNI 252

wQITE(69410) (RFD(K) ,KzI9NOS) PN1 253
WRITE (6v599) PNI 254

999 FOPMAT(I1HODELTAO(K)=) PN1 255
WQITE(69410) (0ELTAD(K) ,KxlNOS) PN1 256
WRITE(699001) PN1 257

9001 FORMAT(8HORKO(K)u) PN1 258
WRITE(6t4l0) (RKD(K) ,K=INOS) PNI 259

410 FORMAT (12FI0.4) PNI 260
WRITE(69601) PNI 261

601 FORMAT(7HOSO(K)x) PN1 262
wRITE(6,410) (SD(K)9K=19NOS) PNI 263
WRITE(6t602) PN1 264

602 FORMAT(11HOCOSPHDCK)m) PN1 265
WRITE (69410) (COSPHD(K) ,K=1,NOS) PN1 266
WRITE(69603) PN1 267

603 FORMAT(9HOPHIO(K)x) PN1 268
WRITE(69410) CPHID(K)#K=19NOS) PN1 269

650 CONTINUE PN1 270
GO TO (6539652),IPRES PN1 271

653 WRITE(69604) PN1 272
604 FORMAT(9HOSTPRCK)z) PN1 273

WQITE(6t8001) (STPRCK)sK=19NOS) PN1 274
652 CONTINUE PN1 275

WPITE (69655) PNI 276
65S FORMAT(9HOTHMD(K)n) PN1 277

WQITE(695060) (THMO(K),K1,9NHF) PNl 278
5060 FORMATCI2F1O.4) PNI 279
2000 CONTINUE PN1 280

CALL SEPART (1) PN1 281
WRITE (1.8000) PNI 282
WRITE (1,8010) (DS(K)oK=1,NOS) PNI 283
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WRITE(1,553 TVOL PN1 284
WRITE(li56) TPST PNI 28s
WRITE(1*57) CAV PNI 286
WRITECI.58) CNC PNI 287
WRITE(1959) RF33 PN! 288
WRITE(1960) RM435 PNI 289
WRITE(it6l) RM59 PNI 290
WRITE(l.62) XG PNI 291
WRITE(l.63) ZG PN1 292
WRITE(1950) TMAS PM! 293
WRITE(1951) E144 PN! 294
WRITE0l,2) E155 PNI 295
WRITE(IS3) E166 RNI 296
WPITE(1*54) F146 PNI 297
RETURN PNI 298
E ND PNI 299

C LK2 2
C --- VERSION 4 - CDC 6700 -P P 0 2 -JUNE, 1972 ----------------- LK2 3
C LK2 4

OVERLAY (LINK?220) LK2 5
PROGRAM PRO? LK2 6
CALL SPRGI LK2 7
CALL SPRG? LK2 8
END LK2 9

C SRI 2
C --- VERSION 4 - CDC 6700 -S P P G 1 - JUNE. 1972 --------------- SPI 3
C SRI 4

SUBROUTINE SPRGI SRI 5
C SRI 6
C PPOGPAMMEP- W. FRANKNSRDC SPj 7
C SRI 8

COMMON AM?27,NUTNMASNOSSTS)DS(25),ELELLoX(2598),Y(259B),PMSP1 9
1ASC27),XMAS(27),ZMAS(27),RRG(27),XGZGTMASE144,E155,E166,E146,TPSPI 10
2STRF33,RM35,RM5SDGMDIRKNTVOLALFA(40,11),BETA(40,11) ,MDG(1O)SR1 11
3,FNCS),BAM(30),CDG(10),SDG(10),OMAXOMINNFRNOKNOBNOHOMEN(40),SP1 I?
4FR(7,6),XX(25,7),YY(29,7),OFL(25,7),SNE(2597),CSE(25,7),EN1(25,7),SPI 13
SU)NOMEGAIDTITO(12),WORDNONIXASTHDG1(10),ITCRVCMCRRNTOP SP1 14
COMMON STI127),YMASC27),BEAMDRAFTDMAX.IRR.MLIEND.IBILGF,IRRES, SPI 15
2VNYGRAVAMODL,MODAKEELLBEA4KLITS(25) ,RD(25) .RFO(25) .DELTAD(25)SPI 16
?,RKD(25),SD(25),COSPHD(29),PHID(25),STPRC2S).THMD(9O) SPI 17
COMMON NWSTP91NWSTP(12) SPI 18
COMMON /TEMP/ HDI(10),IK(27)*DUM3(4963) SRI 19
MOM=NO S-1 ii 2
NIXNOS-2 SPI 21
TOR=6.283185 SPI 22
NOSHAL=NOS SRI 23
DO 22 KZINOSHAL SPI 24
ST (K) =ST (K) /EL SPI 25
no 20 J=19NUT SPI 26
X(KJ)=XCKJ)/EL SPI 27
Y (KJ)=Y (KgJ) /EL SPI 28

20 CONTINUE SPI 29
nS(K)=DS (K)/EL SPI 30

22 CONTINUE SPI 31
no 110 JJzlqNOH SPI 32
HDG(JJ)=180.0-HOGl (JJ) SRI 33

110 CONTINUE SRI 34
DO 168 JJmltNOH SPI 35
HnR(JJ1 0 .017453293*H0G (JJ) SPI 36
SDG(JJ)=SIN(HDR(JJ)) SRI 37

168 CDG(JJ)=COS(HDR(JJ)) SPI 38
C Spi 39
C CALCULATION OF NON-DIMENSIONAL FREQUENCY RANGES SPI 40
C SPI 41

OTMIN =99999. SPI 42
OTMAX =0. SPI 43
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00 6000 NwI9NOH SPI 44'
D0 6000 Mu1,N08 SPI 45
TERM u FN(M)OCDG(N) SPI 46
00 6000 Ku1,NOK SPI 47
FACT 6.283185/BAM(K) SPI 48
OTEMP UABS(SORT(FACT) # FACT.TERM) SPI 49q
IF (OTEMP .LT. OTMIN) OTMIN x OTEMP SPI So

6000 IF (OTEMP .GT. OTMAX) OTMAX a OTEMP SP1 51I
EPS .0001 SP1 52
SRLG SORT CELL/GRAV) SP1 53sRI3G 2SORT(OMAX/GRAV) SF1 54
SPLO SORT(ELL/OMAX) SF1 55
WEMAX wOTMAX/SRLG SP1 56
FACT 2WEMAX*SRDG SP1 57
IF (FACT .GE. 1.) GO TO 6010 SF1 SR

C IRREGULAR FREOUENCIES 00 NOT EXIST SF1 59
IRR =I SF1 60
OMAX =OTMAX * EPS SF1 61
KFR =10 SF1 62
GO TO 6020 SF1 63

C IRREGULAR FREQUENCIES EXIST SF1 64
6010 IRR 2 SF1 65

RT 8EAMORAFT SPI 66
IF (9T .LE. 4.) CON =.35 SF1 67
IF (BT .GT. 4.) CON m .60 SF1 68
OMAX =CWEMAX*SRDG + CON) OSRPr SF1 69

6020 OMIN = OTMIN - EPS SF1 70
CRIT =.70SRLO 5PI 71
IF (Or4IN .GE. CRIT) OMIN z CRT EPS SPI 72
IF (IRR .Eo. 2) KFR =(OMAX - OMIN)/(.05.SRLO) *.9999999 SP1 73
KFR =MINO(KFR#40) SF1 74
IF (NFR .LE. 0) NFR = KFR SF1 75
IF COMIN .LE. 0. OR8. OMIN .GT. OMIN) OMIN a OMIN SF1 76
IF (O?4AX .LE. 0. .0R. OMAX .LT. OMAX) OMAX w OMAX SF1 77
OMAX=OMAX*SORT (0.5) SF1 78
OMIN=OMINOSOPT (0.5) SF1 79
00 18 N=1,NFR SF1 RO
00 18 L=1911 SF1 81
ALFA(NtL)s0.0 SF1 82
BETA(NvL)xO.O SPI 83

18 CONTINUE SPJ P4
00 19 K=1,NOSHAL SP1 85
00 21 J=1,NON SPI 86
XX(KtJ)2.5*(X(.(tJ)*XCKtj.1)) SF1 87
YY(KiJ)=.5*(Y(KJ)*Y(KJ.1)) SF1 88
XINT=X(KgJ)-X(KJ*11 SP1 89
YINT=Y (KtJ) -Y (Ktj,) SF1 90
D)EL (K9JIaS0RT (XINT**2.YINT**2) SF1 91
SNE (KJ)=YINT/OEL(KJ) SPI 92

21 CSE(KtJ)zXINT/DL.L(KtJ) SF1 93
19 CONTINUE SPI 94

IK( 1)=1 SPI 95
D0 15 K=2MOM SF1 96

15 IK(K)=2 SF1 97
1K (NOS) 23 5pi 98
0O 35 KxINOS sp1 99
LIK=IK(K) SF1 100
GO TO(36,27928)tLIK SP1 101

36 CALL PQRT(ST(3)tST(1),ST(2),F,0,RT) SPI 102
00 29 J=1,NON SPI 103

29 ENI(KJ)=(SNE(1J)*(0XX(3,J)-PXX(2J).RXX(,J))CSE(,j)(o.yycspI 104
13,J)-P*YY(2,J)*ROYY(19Jfl)/T SPI 105
GO TO 35 SF1 106

27 CALL PQRT(ST(K.1),ST(K),ST(K-I),PORT) SF1 107
00 30 Jzl9NON SF1 108

30 EN1(KJ)=(SNE(KJ)*(QeXX(K.1,J)-PeXX(K-1,J).R*XX(KJ))-CSE(KJ).OQSPI 109
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1*YY(K.1,J)-P'YY(K-1,J).ReYY(KJ)l)/T SPI 110
GO TO 35 SPI III

?8 CALL PORT(ST(NIX),ST(NOS),ST(MOM2,PORT) SPI 112
00 31 JzlvNON SPI 113

31 ENI(KJuc(SNE(NOSJV)O(XXNlXJ)PXXMOMJ)RXX(NOSJl-CSE(NOSSPI 114

1.J)*(O*YY(NIXJ)-POYYCMOMJ).P.YY(NOSJ)))/T SPI 115

35 CONTINUE SPI 116I
00 101 KNI.NOS SPI 117
DO 102 Jx1,NON SP! !;a
EN1 (KJ)xENI (K.JI /CA0 ";'' ;Ni(Kj)*'2) SPI 119

102 CONTINUE SPI 120
101 CONTINUE SP1 121
77' RETURN SPI 122

END SPI 123
C SP2 2
C -------VERSION 4 - CDC 6700 - S P P G 2 - JUNE. 1972 --------------- SP2 3
C SP2 4

SUBROUTINE SPRG2 SP2 5
C SP2 6
C PROGRAMMER- 0. FALTINSENDNV SP2 7
C SP2 8

INTEGER H 5P2 9
COMMON AM(27),NUTNMASNOSST(25),DS(25),ELELLX(25,8),Y(2598htPMSP2 10
IAS(27htXMAS(27),ZMAS(27),RRG(27),XGZGTMAS.ET44,E155,E166,EI46,TPSP2 11

3,FN(5),8AM(30),CDG(1O),SDG(10),OMAXUMINNFPNOKNORNOHOMEN(4&1,5P2 13

4FR(7.6),XX(2S,7),YY(25,7),DEL(25,7),SNE(25,7),CSE(2597),EN1(2597),5P2 14
SUNOMEGAID.TITO(12),WORDNONIXAST.MDGJ(10),ITCBVCMCPPNTOP SP2 IS
COMMON STI(27),YMAS(27),BEAMOPAFTOMAXIRRMLIENDIBILGEIPRES, SP2 16
?VNYGRAVAMODLMODAKEELLBEA4KLITS (25) .PD(25),RFD(25) ,DELTAD(25)SP2 17
?,RKO(2S),sD(25),COSpMO(25).PHTO(25),STPPC25),THMD(50) SP2 18
COMMON 14WSTP.INWSTP(12) SP2 19
COMMON /TEMP/ BLOG(297,7),YLOG(2,7,7),PRA(7,6),PRV(7,6), SP2 20

2 fUM3(1116),AR1(42),AIR2(42).AT2(40),AI3(401,C(40),WD(4l),A(3360) SP2 21
DATA MIN /3HMIN/ SP2 22

FM=1 * P2 23
VOL=TVOL SP2 24
NFM=NFR-l SP2 25
DOME= CO'AX-OMIN) /(NFR-1) SP2 26
OMEN( Il O'4IN 5P2 27
00 27 N=2*NFR 5P2 28

P7 OMEN(N)=OMEN(.J-1) *DOME SP2 29
L1=I SP2 30
L?=l SP2 31
NUMB = (NUT-1)06 SP2 32
NELEM =NFR*NUMB*2 SP2 33
REWIND 20 SP2 34
00 37 K=1,NOS SP2 35

CALL FINV SP2 36

DIP=ST(K-TPST SP2 37
K10O SP2 38
KM -NUMS SP2 39
00 53 N=1,NFR SP2 40
OMEGA=O~1EN (N) SP2 41

UN=OMEGA**2 SP2 42
CALL KEPN SP2 43
GO T0(34,35)910 SP2 44

35 WRITE(6914) KN SP2 45
14 FORMAT (29H0 MATRIX IS SINGULAQ. K- 1296H9 N a 12) SP2 46

GO TO ?77 SP2 47
34 CONTINUE SP2 48

IF(IRR-1) 3119549311 SP2 49~
311 CONT11JUE SP2 S0

C SP2 51
C IPP~l MIEANS NO INTEPPOLATION BECAUSE OF IRREGULAR FREOUENCIES SP2 52
C SP2 53
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YK*Y(Ktl)*O.OOO1 SP2 54
IF(YK) 5492222o2222 SP2 55

2222 CONTINUE SP2 56
YKNuY CKsNUT) SP2 57
OAFT*ABS (YKN) SP2 58
WDRsOMEGAOSORT (DAFT) SP2 59
!FiWOR-0*7) 54,55,55 SP2 60

54 CONTINUE 5P2 61

DO 41 LK1 1O IP 6
GO TO(70,70,70.70,70,70,7l,72,73,74),LK SP2 63

70 CONTINUE SP2 64
LuLK SP2 65
MwLK 5P2 66
GO TO 75 SP2 67

71 CONTINUE sP2 69
L=5 SP2 69
M=3 SP2 70
GO TO 75 SP2 71

72 CONTINUE SP2 72
L.2 SP2 73
Mw6 SP2 74
GO TO 75 SP2 75

73 CONTINUE SP2 76
Lw2 SP2 77
M=4 SP2 78
GO TO 75 SP2 79

74 CONTINUE SP2 80
1.6 SP2 81
M.4 SP2 82

75 CONTINUE SP2 83
42 DADS X0.0 SP2 84

ODDS =0.0 SP2 85
DO 43 J=1,NON SP2 86
DADS =DADS *DEL(KoJ)*FR(JoL)*PRA(J*4) SP2 87

43 ODDS ODS *DEL(K*J)*FP(JtL)*PRV(JiM) SP2 88
DADS =2.O4DADS SP2 8

ODDS =2.0#DDDS SP2 90
ALFA(N.LK)=ALFA(N,LK) .DS(K)*DADSOFM SP2 91
BETACNLK)28ETA(NLK)DS(K[*DnDSOFM SP2 92

41 CONTINUE SP2 93
GO TO 76 SP2 94

55 CONTINUE SP2 95
KImKI.1 SP2 96
WD (K! zWDR SP2 97
AI2(Kl)z0.O SP2 98
A13(KI )0.0 5P2 99
DO 52 JxlNON SP2 100
A12(Kl)*A12(Kl),DELCKJ)*FR(J*2)*PPA(J2) SP2 101
A13(KI)xAI3(Kl) ,DEL(K*J)*FR(J93)*PRACJ,3) SP2 102

52 CONTINUE SP2 103
FC1=2./DAFT/DAFT/UN/1 .57 SP2 104
A12(Kl)=AI2(KI )*FCI SP2 105
AI3(KI )=AI3(KI) *FC1 SP2 106

76 CONTINUE SP2 107
KM =KM + NUMB SP2 108

DO 220 J=19NON SP2 109
DO 220 MsI,6 SP2 110
KM =KM .1 I P2 III
A(KM) mPRACJM) SP2 112
ACKM*NUMB) z PRV(JtM) SP2 113

220 CONTINUE SP2 114
NON=NUT-1 SP2 115
NUMB=60NON SP2 116

53 CONTINUE SP2 117
C SP2 118
C INTERPOLATION BECAUSE OF IRREGULAR FREQUENCIES SP2 119

67

x ~.



C SP2 120
C FIRST WE WRITE OUT FROM THE nRUM ALL PRESSURES FROM OME6AOSORT(OAFT/ SP2 121
C GRAV)v0.7 SP2 122

IF(KI-2) 32,32,77 SP2 123
77 CONTINUE SP2 124

KIO=NFR-K! SP2 125j
00 78 N12s1,NFR SP2 126
ITEMP s N12S2 12

FAC=OMEN(N12)*SORT(DAFT) SP2 127
IF(FAC-0.7) 78,79979 SP2 129

78 CON7INUE SP2 130
79 CONTINUE SP2 131

N12 =IlEMP SP2 132
NIJMS=6*NON SP2 133
NSKIP =20(N12-I)ONUMR SP2 134
NDO =20(NFP-N12*1) SF2 135

C INFRI =-I SF2 136
C(K1D41)=-1. SF2 137
KIM=KI-l SP2 139
D0 21 N=2,KIM SP2 139
NN=K ID+N SP2 140
AL1=A12(N+l 1-A12(N) SF2 141
AL2=AI2CN.1 )-A12 (N-i) SP2 142
AL3=A12(N) -A!2(N-1) SF2 143
CLI=WD(N.1 )-Wfl(N) SP2 144
CL2=WO(N+1I -WO (N-I) SP2 145
CL3=WD(N)-WD (N-I) SP2 146
C(NN)=(ALO*O2.CLI1*2.AL3**2.CL3*O2-AL2'2-CL2*2)/2./SRT(AL1OO2.CSP2 147

1LI*02) /SORT (AL3*02+CL3**2) SP2 148

321 CONTINUE P 14

00 811 N133,NFR P 5

ITFP N 139c~9 SP2 5
24N~FAC=ME(N.30O RT(AFT) S2 5

30CONTINUE SF2 169

4301 CONTINUE SP2 172
N13= IUMP SP2 176
00 32KS- NF 41,31,3 SF2 157

432 K5NF O SF2 173
312 CONTINUE SP2 179

24RNS=IFIX(0./DME/SRT(OAFT)) SP2 162
IF(JRNF) 4303,4303,4302 SF2 178

4302 JNFR SP2 179
4303 CONTINUE SP2 180

00 305JH- 5,J SF2 181
IF(C(JM)-53195) 35 40 40 SF2 182

435 CONTINUE SP2 183

TO430 7 OTIU SF2 184
436 SUMS+V 68 SP2 185



IF(JR-NFR) 4308,430794307 SF2 186
4308 GO TO 4301 5P2 187
4307 CONTINUE SF2 188

ONOmFLOAT (KS-KN) SF2 189
DlO 35fl TO.., 2 SF2 190
DO 350 Ju1,NON SF2 191
DO 350 Mz2,6,2 SF2 192
NUlx(KN-N12)*Nt)MB*2. (IR-I)*NON*6+(J-1[%6,M SF2 193I
NU)2z(KS-N12)ONUMB*2*(IR-1)ONONO6*(J-1)e6*M SF2 194
NUl = NUl + NSKIP SF2 195
NU2 =NU2 # NSKIP SF? 196

DELTI=A(NU2) -A (NUI) SF2 197
DO 350 JK=KNoKS SP2 199
NUz(JK-Nl2)eNUM8O2.(1R-1)*NON*6,(J-1)O6.M SF2 199
NU = NU + NSKIP SF2 200

A(NU)=A(NU1) .DELTl*(JK-KN)/DNO SP2 201
C(JK)=-1. SF2 202

350 CONTINUE SF2 203
811 CONTINUE SD2 204

DO 121 Nx2KIM SF2 205
NNZKID*N SF2 206
AL1=A13(N.1 )-A13(N) SF2 207
AL2=AI3CN.1)-A13 (N-i) SF2 208
AL3zAI3(N)-AI3(N-1) SF2 209
CLIxWDCN'1 )-WO(N) SF2 210
CL2=WO(N.1 )-WD(N-1) SF2 211
CL3zWO (N) -WD(N-1) SF2 212
C(N=A1*+LO2A30*L*2A2*-L*2/.SR(L*2CP 213
1LI**2) /SCRT (AL3**2*CL3*02) s 214

121 CONTINUE S'~? 215
00 323 NNlNl3 SP2 216
C (N)=-1 .0 SF2 217

323 CONTINUE SF2 218
00 821 N=2,NFM SF2 219
IF(C(N)-(-0.S)) 821,821#124 SF2 220

124 NV=IFIX(0.3/OE/SORT (DAFT)) SF2 221
IF(NV) 9996,9996,9997 SF2 222

9996 NV=1 SF2 223
9997 CONTINUE SF2 224

KN=N-NV SF2 225
IF(KN-I) 51195129512 SF2 226

511 KN1l SF2 227
512 CONTINUE SF2 228

KS=N.NV 5P2 229
ISUM~O SF2 230

4311 CONTINUE SF2 231
KS2KS.ISUM SF2 232
IF(KS-NFP) 411,411,412 SF2 233

412 KSUNFR SF2 234
411 CONTINUE SF2 23S

JR=KS+IFIX(0.1/OOME/SORT(DAFT)) SF2 236
IF(JR-NFR) 4313,4313,4312 SF2 237

4312 JR=NFR SF2 238
4313 CONTINUE SF2 239

00 4315 JM=KSJR SF2 240
IF(C(JM)-(-0.S)) 4315,4316,4316 SP2 241

4315 CONTINUE SF2 242
GO TO 4317 SF2 243

4316 ISUM=NV SF2 244
IF(JR-NFR) 4318,4317,4317 SF2 245

4318 GO TO 4311 SF2 246
4317 CONTINUE SF2 247

ONO=FLOAT CKS-KN) SF2 248
00 351 IRz1,2 SF2 249
00 351 J219NON SF2 250
00 351 M219592 695P2 251



NUls(KN-N12)*NI)MBOL3*(IR-I)*NON*6#(J-1)*M SF2 252
Nt)2(KS-N12)*NUM*2#(TR-I)ONON*6#(J-1)06*M SF2 253
NUI a NUI * NSKIP SF2 254
NU2 a NU2 * NSKIP SF2 255
DELTIaA (NU2)-A(NUI) SP2 256
00 351 JKuKN*KS SP2 257 -

NUz(JK-N12)*NUMH*2*(IR-I)ONON*6+(J-1)06+M SF2 258
NU z Nil + NSh(IP SP2 259

A(NU)mA(NUI) .OELTIO(JK-KN)/nNO SF2 260
C (JK) =-1 SP2 261

351 CONTINUE SF2 262
821 CONTINUE SF2 263

C SP2 264
C WE HAVE NOW ADJUSTED IF NECESSARY THE PRESSURES FROM OMEGA*SQRTUrAFTSP2 ?65
C /GRAV)=0.7*AND ARE NOW GOIN6 TO CALCULATE THE CORRESPONDING ADDED SP2 266
C MASS AND DAMPING SF2 267
C SF2 268

00 S8 N=N129NFR SF2 269
00 58 LKxII0 SF2 270
GO TO(R0,80.80.80.80.R0.81,82,R3,R4hoLK SF2 271

80 CONTINUE SF2 272
LxLK SF2 273
MuLK SF2 274
GO TO 85 SF2 275

A1 CONTINUE SF2 276
Las SF2 277
Mi 3 SF2 278
GO TO 85 SF2 279

82 CONTINUE SF2 280
Lx2 SF2 281
Ma6 SF2 282
GO TO 85 SF2 283

A3 CONTINUE SP2 284
Lr2 SF2 265
MZ4 SF2 286
GO TO 85 SF2 287

84 CONTINUE SF2 288
L=6 SF2 289
H=4 SF2 290

85 CONTINUE SF2 291
DADS=0.0 SF2 292
DDDS=0.0 SF2 293
DO 60 J=19NON SF2 294
NUI=(N-N12)*NUM8*2 ( (J-1)06#M) SF2 295
NUj2=(N-N12).NIJMB*2* NON*6*(J-1)*6+M SF2 296
NUI NUI + NSKIP SF2 297
NU2 =NU2 + NSKIP SF2 298
DADS=DAnS.DEL(KJ) *FR(JL)*A(NU1) SF2 299

60 DDDS=DDDS.DEL(KJ)*FR(JL)*A(NU2) SF2 300
DADS=2 * DADS SF2 301
DDDS=2.*00DDDS SF2 302
ALFA(NLK)=ALFA(NLK) .DS(K)#DADSOFM SP2 303
BETA(NLK)=8ETA(NLK) .DS(K)*DflDS*FM SF2 304

58 CONTINUE SF2 305
32 CONTINUE SF2 306

WRITE (20) (A(IhtInlNELEM) SF2 307
37 CONTINUE SF2 308

ENDFILE 20 SF2 309
REWIND 20 SF2 310

00 33 N=19NFR SF2 311
0MEGA=0MEN (N) SF2 312
(NOMEGA**2 SF2 313
DO 4 4 L=1,10 SF2 314
ALFA(N.L) =ALFA(NqL)/V0L/UN SF2 315
8ETA(NL)a8ETA(NL)/VOL/OMEGA1I.4142136 SF2 316

44 CONTINUE SP2 317
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DO 45 L2496 SP2 318
ALFA(N*L)uALFA(N*L) 'O.50O.5 SP2 319
OETA(N.L)z8ETA(N9L) *O.S*0.5 P 2

45 CONTINUE 5P2 321
DO 46 Lz7,1O SP2 322
ALFA(N9L *ALFA (N9L) 0.S SP2 323
8ETA(NtL) 'BETA(NL) *0.5 SP2 324

46 CONTINUE SP2 325
ALFA(Nt10)zO.5*ALFA(N.10) SP2 326
8ETA(N,1O)uo.5.8ETA(N*1O) SP2 327

33 CONTINUE SP2 328
C PRINT ZERO SPEED NON-DIMENSIONAL ADDED MASS AND DAMPING COEFFICIENTS SP2 329

CALL SEPART (1) SP2 330
00 2300 JHN192 SP2 331
IF (JH .EO. 1) H = 1 SP2 332
IF (JH .EO. 2) H a 6 5P2 333
IF (H .EQ. 6 .AND. PRNTOP .Ea. MIN) GO TO 2300 SP2 334

WRITE (H*300) NFR SP2 335
WRITE (H*400) IRR 5P2 336
WRITE(H92235) SP2 337
WRITE (H*2224) 5P2 338
DO 2225 Nw) ,NFQ SP2 339
GXI=OMEN (N) *SORT (2.) SP2 340
WRITE(H,2226) GX1,ALFA(N.1),ALFA(N,2),ALFA(N,3), ALFA(N,4)*ALFA(NSP2 341
l15)hALFA(N,6),AILFA(N,97),ALFACN8),ALFA(N9).ALFA(N10) SP2 342

2225 CONTINUE SP2 343
WRITE (H,2227) SP2 344
WRITE (H*2228) SP2 345
00 2229 N=19NFR SP2 346
GXI=OMEN(N)OSORT(2.) SP2 347
WRITE(H,2226) GXI,8ETA(N,1),8FTA(N,2),8ETA(N,3),I8ETACN,4).8ETACN,5SP2 348
1),BETA(N,6),BETA(N.7),BETA(N,8),8ETA(N,9),8ETA(N,10) 5P2 349

2229 CONTINUE SP2 350
300 FORMAT(1O7HINON-DIMENSIONAL, SPEED INDEPENDENT ADDED MASS AND DAMPSP2 351

IING COEFFICIENTS FOR THE SPECIFIED FREQUENCIES (NFRm.13*2H).) 5P2 3S2
400 FORMAT(5HOIRRI12*2H .94X.104H IF IRRw2 INTERPOLATION OF IRRFGULAR SP2 353

IFREOUENCIES IS PERFORMED. IF IRRuI INTERPOLATION IS NOT PERFORMEDSP2 354
2.) SP2 355

2235 FORMAT(/45H NON-DIMENSIONALIZED ADDED MASS COEFFICIENTS-) SP2 356
2224 FORMAT(3X,6HWE(ND),5X,6HA(1,l),6X,6HA(292),6X,6HA(3,3),6X,6HA(494)SP2 357

2,6X.6HA(595),6X,6HA(696),6X.6HA(3,5),6X,6HA(296),6X,6HA(2,4)v6X, SF2 358
26HA(496)) SF2 359

2226 FORMAT(3X9F6.391P10E12.4) SF2 360F2227 FORMAT C/42H NON-OIMENSIONALIZED DAMPING COEFFICIENTS-) 5P2 361
2228 FORMATC3X,6HWE(ND),SX,6HB(1,1),6X,6H8(292),6X,6HB(3,3),6X.6HB(4.4)SP2 362

2,6X,6H8(5,5),6X,6HB(696),6X,6H8(395),6X6H3(2,6),6X,6HB(294),6X, SP2 363
26H8C4,6)) SF2 364

2300 CONTINUE SP2 365
CALL SEFART (2) SP2 366

777 RETURN SP2 367
END 5P2 368

C POR 2
C --- VERSION 4 - CDC 6700 - P 0R T -JUNE, 1972 -----------------FPOR 3
C POR 4

SUBROUTINE PORT(At8.CtPOtRqT) POR 5
Pu (A-B) / (-C) POR 6
021.0/P POP 7
RzP-Q POR 8
T=A-C FOR 9
RETURN POR 10
END POR 11

C Fly 2
C --- VERSION 4 - CDC 6700 -F I N V -JUNE. 1972 ----------------- Fly 3
C Fly 4

SUBROUTINE FINV Fly 5
C FIy 6
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C PROGRAMMER- W, FRANK9NSROC FIy 7
c FIy 8

COMMON AM(27),NUTNMASNOSST(25),OS(25),ELELLX(25,8),Y(2598).PMFIV 9

IAS(27).XMAS(27),ZMASC27),RRG(?7),XGZGTMAS.ET44.EIS5.El66.F146-tyPFI 10
eS~tRF33,RM35.RMSS.OGMDIP.KN,TVOL.ALFA(.0.11) ,BETA('.O.11) ,HDG(10)FIV 11
3,FN(5),RAM(30),CDG(10),SDG(1O1,OMAXOMINNFRNOK.NORNOHOMEN(4Oh;F!V 1

4FR(7961 .XX(2597) .YY(25.71 onEL(25.7) .SNE(25.7) ,CSE(25.7) ,EN1 (25.7) ,FIV 13
5SUNOMEGAJDTITO(12,,WORDNON.IXASTHDG(;1(O),ITC8V.CMC.PRNTOP FIy 14
COMMON STI(27),YMAS(27),REAM.I)PAFTUMAX,1PRMLIENDIBlLCE.IPRES# FIy 1S
2VNY.GRAVAMODLMODAKEELLREAMKLITS(251,RO(25).RFD(25).DELTAn(2S)FIV 16

2.RKD(25),SO(251hCOSPHD(25)pHD(25)STPR(25)TH4D(50) Fly 17
COMMON NWSTP*INWSTP(1?) FIV 18
COMMON /TEMP/ BLOG(2,7,71,YLOG(2t7,7),DUM3(4A04) Fly 19

DO 10 l=19NON FIV 20
XM2=XX(K!) -X (K. 1) Fly 21

Y'2=YY(Ktl)-Y(Ko1) FIV 22

XP2=XX(KtI) .X(KtI) FIV 23
YP2=YY(KtI) .Y(Ktl) FIV 24
FPR?=.S4ALOG (XM2*024YM2**2) Fly 25

FPL2=.SOALOG (XP2*o2+ym24o2) Fly 26
FCR2=.5*ALOG CXM2.24YP20?) FIy 2?

FCL2= .5*ALOG (XP2*02#YP2**2) Fly 28
APR2=ATAN2 (YM2,XM2) FIy 29
APL2=ATAN2 (YM2, XP2) FIy 30

ACR2=ATAN2 (YP?,XM2) Fly 31
ACL2=ATAN2 (YP2,XP?) Fly 32

0O 10 J=1,NON Fly 33
XM1=XX(K. l)-X(KqJ*1) Fly 34

YM1=YYCKtl )-Y(KtJ.11 FIV 35
XP1=XX(Kv1) .XCKtJ.1J Fly 36
YPI=YY(KtI) .Y(KtJ.1) FIy 37

FPRI=.SoALOG(XM1 02+YM1 **2) Fly 38

FPL1=.SOAL.OG(XP *24YMI**2) FIV 39

FCRI=.5*ALOG(XMI*02*YPI**2) Fly 40

FCLI=.SOALOG (XP1 '2,YP10*2) Fly 41

APR1=ATAN2(YM1 ,Xml) Fly 42

APLI=ATAN2 (Ymlg XPI) Fly 43
ACRI=ArAN2 CYPI ,XPmI) Fly 44

ACLI=ATAN2 (YP1 ,XPI) FIy 45

SIMJ=SNE (K.I) *CSE (KJ1-SNE(K~i) 'CSE (K, I) Fly 46

CIMJCSE(K.l)@C5;E(KJ).SNE(Kj)*CSNE(KoJ) Fly 47

CIPJ=:CSE(K.I)*CSE(KJ) ,SNE(Kl)*SE(KJ) FIV 47

CIPJ=CSE(K.l)aCSE(K.J)-SNE(KtlV*SNE(KJ) Fly 49
OPNR=SIMJ*(FPRI-FPR2) .CIMJ*(APFP1-APR2) Fly 50

114(YM1@FPP1,XMIPAPR1-YMI-YM2PR2-XM2APR2Y42) Fly 5?

DPNL=SIPJ* FPL2-FPLI) .CIPJ' (APL2-APLI) FIV 53

1)O(YM*FPLIXP1OAPL1*YM2-YM2PL2XP2APL2-YMI) Fly 55
OCNR=SIPJO(FCRI-FCP2) .CIPJ.(ACR1-ACR2) Fly 56

PCR=CSE(Kj)(XM1OFCR-YP*ACR1-XM1XM2*FCR2+YP2ACR2XM2)SNE,KJFV 57

1)*(YP2*FCP2XM2ACR2YPI-YPFCRI1XMIACRI-YP2) Fly 58

DCNL=SIMJ*(FCL2-FCLI) .CIMJ* (ACL2-ACLI) FIV 59

1)*(YP2FCL?XP2ACL2YP2YPIFCLI-XPIACLI+YPI) FI 61

8LOG (1,1 J) =DPNP.DPNL-DCNR-OCNL Fly 6?
YLOG (1,1 J) =PPR.PPL-PCR-PCL FIV 63

RLOG(?. I j)=DPNQ-DPNL-DCNR.DCNL Fly 64

YLOG(2#l1 j)=PPR-PPL-PCR*PCL FIV 65

IF(J-NON) 475*10i10 Fly 66
475 XM2=XMI Fly 67

YM2=YMI FIV 68

XP2mXP 1 FIV 69

YP2=YPI FIV 70

FPR2=FPR I FIy 71

FPL2=FPLI 72 FIV 7?



FCR2uFCRI Fly 73
FCL2=FCLI FIV 74
APR2uAPR 1 Fly 75I
APL2APL I Fly 76
ACR2=ACRI FIV 77LACL~zACL! iv 7

10 CONTINUE Fly 79IRFT TLUN rv a
END Fly AI

C KPN 2I
C -- VERSION 4 -CDC 6700 -K E R N -JUNE. 1972 -----------------KRN 3
C KPN 4

SUBROUTINE KERN KRN 5
C KQN 6
C PROGRAMMER- W. FRANK9NSRDC K-RN 7
C KPN 8

COMMON AM(27),NUT.NMA5,NO5,ST(25),fS25EL.ELLoX(25.8),Y(25.8).PMKRN 9
IAS(27),XMAS(27),ZMAS(27).PRG(?7)XGZGTMASEI44E5EI66EI46eTPKQN 10
2STRF33,RM3SRM55,DGMOIP.K.N.TVOL.ALFA(40,ll),IAETA40,11)HOGI0OKQN 11
3.FN(5),RAM(30),COG10)S(1c0),OMAX.OM1NNF'~.NOoNOR.NOH*OMENc40).KRN 12
4FR(7.6).XX(2597),YY(25.7),DEL(25.7).SNE(2597).CSE(25F)ENI(25,7),KRN 13
5LJNOMEGA.~O.TITO(12).WOR~ONON.1XASTHGl(O)JTC4V.CC.PPNTOP KPN 14
COMMON STI(27)YMAS(27 EAMonRgAFTDMAX.IRMLIEN0,IRILGI~~PPES9 KPN Is
2VNYGRAVAMODL.MUDAKEELL,8EAMKLITS(25) .RD(25) .RFD(25) .OELTAD(25)KRN 16
2.RKD(25hvSD(25)COSP~nf(25),PHID(25),STPP(25).THMD(50) KON 17
COMMON NWSTPoINWSTP(12) KPN 19
COMMON /TEMP/ 9LOGC2.7,7),YLOG(29797),PRA(796).PRV(796), KPN 19

2 CONI(1492),CON2(1492hgCTI(14,14).CT2(14914),SOUR1(797), KRN 20
2 SOUR2(7.7) ,UAVEI (7.7) ,WAVE2(797) .!NUEX(1493) .DtIM3(4034) KRN 21
NOE=2 *NO%1 KRN 22
no0 12IzlNON KPZN 23
NIxN0N- I KPN 24
FR(I.1)xEM1 CK,1) KRN 25
FR(192)2-SNE(Kil) KRN 26
FR( 1.3) zCSE (K, I) KPN ?7
FR(I,4).XX(KI)*CSE(K,1)-YY(KI)*FP(192) KON 28
FR (1.5) .-nP*FR~(1,3) KRN 29
FR (1.6)201OFR (1*2) KRN 30
CONi (1.11.0.0 KPN 31
CONI192)=0.0 KPN 32
CON2 (1,1 )20.0 KRN 33
CON2( I 2)xO.0 KPN 34
CONi (N, 1) =OMEGA*FR (I * ) KRN 35
CONI (NI,2)=OPEGA*FR(1.3) KRN 36
CON2 (NI.1)=OMEGA*FR(1.2) KRN 37
CON2(NI .2) =OMEGA*FR( 194) KRN 313
XR2=UN*(XX(KtI)-X(Kg1)) KPN 39
YR2=-UN*(YY(Ko!)+Y(Kol)) KPN 40
XL2=UN* (XX (K.I) X (K. 1)) KPN 41
YL2=Y'R2 KRN 42
CALL OAVIO(XR2,YR29EJ2,CXR2,SXR2.QAR2.RBR2.CR2vSR2) KRN 43
CALL DAVID(XL2,YL2,EJ2,CXL2SXL2RAL2R3L2,CL2,SL2) KRN 44
00 1 JzI.NON KRN 45
NJ=NON*J KPN 46
SIPJ=SNE(K.I)'CSE(K.J).SNE(KJ)OCSE(Ktl) KPN 47
CIPJ=CSE (K. I) CSE(KJ)-SNE(K.1)*SNE(KJ) KRN 48A
SIMJ=SNE (K I) *CSE(K.J)-SNE (K.J)*CSE (K. I) KPN 49
CIMJ=CSE(KI)*CSE(K.J).SNE(KT)*SNE(KJ) KRN 50

YR1=-UN#(YY(KtI)Y(K.JI)) KRN 52I
XLl=UNO(XX(KoI)4X(KgJ*1) I KRN 53
YL1=YR1 KRN 54
CALL OAVID(XRlYR1,EJ1,CXR1,SXR1,RARIRBRICRISRI) KRN 55
CALL DAVIO(XLIYL1,EJICXL1,SXL1,RALl.RRLlCLlSLI) KRN 56
0PR=2.*(SIPJ*(CRI-CR2)-CIPJ* (SRI-SR2)) KRN 57

DPL=2.*(CIMJ*(SLI-SL2)-SIMJe(CLI-CL2) I KRN 58



PPRz2./UNe(SNE(K.J)e(RAR1..PAR2),CSE(KJ)*(RRPI-PRR2,) KPN 59
PPLu2./IJNe(SNECKJ)e(RAL..RAL2)4CSE(KJ)(R8L2.P8LI)) KRN 60
OWRs6.283153*(EJ2(SXR2CIPJCXR2SIPJ)EJ(SxRI*.-ICprre,nw,~x, 61
1) KPN 62
PWR=6.2831a53*I~(EJ(SXLI1.eJCX(KJ).Cp*sEK).EJ2*(CM-XL2rTMJsKgN 65

1KJ)-CXR2SNE(KJ)) KRN 66

PWL=6.28318153/u)NO(Ej2.(SXL2*CSEcKJ).CXL2.SNE(KtJ))..EJ1.:SXL1.CSE(KqN 67I
1K*J) +CXLI*SNE(K*J))) KQN 68
CTl (TJ)xRLOG(1IIJ)*DfPIR0PL KRN 69
CT2(ItJ)zRLOG(2,IJ) .DPR-OPL 1(RN 70
CTI (NINJ)2CTI1 (IJ) KRN 71
CT2(NIoNJ)zCT2(1,J KN 7
CTI (ItNJ)=0WR*DWL KRN 73
CT2 (I NJ) s0WR-DWL KQN 74
CT1 (NJ.J)=-CTI(IoNJ) KRN 75
CT2CNloJ~z-CT2U9NJ) KQ~N 76
SOURI (I#JJzYLOG(19IJ)*PPP#PPL Kkii 77
SOUR2(1,J,=YL0012,!,J) .PPR-PPL KPN 78
WAVEl (Itj)2PWR*PWL KPN 79IWAVE2(1I J) zPWR-PWL KRN 80
IF(J-NON) 2#1#1 KPN 81

2 XR2=XR1 QN R
YP2=YRI KRN 83
CXR2=CXRI KPN 84
SXPP=Sxq1 KPN 85
RAR2=RARI KPN 86
R8R2=RBR I KRN 87
CR2=CRI KPN 88
SR2=SR I KRN 89
XL2=XL 1 KQN 90
YL2=YLI KRN 91
EJ2=EJI KPN 92
CXL2=CXL1 KRN 93
SXL2=SXLI KPN 94
RAL2=RAL I KRN 95
RBL2=RBL I KRN 96
CL2=CLI t(RN 97
SL2=SLI KRN 98

I CONTINUE KRN 3
CALL MATINSCCT1,1'nNOECONI,2,2,OTEIDINOEX) KRN 100
GO TO(399),ID KRN 101

3 CALL MATINS(CT2,14,NOECON2,2,2,DTOIDINEX) KPN 102
60 TO (499)vI0 KRN 103

4 nO 5 I11NON KPN 104
00O 6 L=194 KPN 105
PRA( I L)x0.0 N10

6 PRV(I*L)=O.O KRN 107
no 7 J=19NON KRN Vq
NJ=NON#J KRN 109
PRACI, 1)zPRACI .1) 4-CGN1(J, 1)*WAvEI1 (IJ)-CON1 (NJ, 1 *SOURI1 (IJ) KRN 110
PRA(192)=PRA(1,2) .CON7(J,1)*WAVE2(1,J)-CON2(NJ,1 )*SOUR2(1,J) KRN III
PRA(1,3)=PRA(T,3)+CON1(J,2)*WAVEi CIJ)-CON1(NJ,2)*SOUR1(I.J) KRN 112
PRA(1,4)zPRA(194) .CON2(J,2)'WAVE2(lj)-CON2(NJ,2)*SOUR2(IJJ KRN 113

PPV(1.2)=PRV(192) *CON2(J,1)*SOUR2(I.J) *CON2(NJt1)*WAVE2(1.J) KRN 115
PRV(193;=PRV(193),CONI(Jt?)4SOUR1(1,J).CONI(NJ2)*WAVEI(IJ) KRN 116
"PRV(1.4)=PRV(194).CON2(J.2)*SOUR2(1.J).CON2(NJ2)*wAVE2(1.J) KPN 117
no a L=194 KRN 118
PRA (I .L) zOMEGAOPRA (I L: KRN 119

8 PRV(19L)=OMEGAOPRV(19L) KRN 120
PRACI .5)=-D1P*PRA(I .3) KPN 121
PRA(196)=DIPOPRA(I .2) KRN 122
PRVCI,5)r-DIP*PRV(I93) KRN 123

5 PRV(!,6)=OJP*PRV(192) KRN 124
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9 RETURN KR4 125
c END KRN 126

CDAY 2
C -- VERSION 4 - COC 6700 - nl A V I D JUNE, 197 2 ----------DAv 3

C DAY 4

C A DYPRGAME- W. FRANKiNSROCt AND 0. FAI.TINSEN,DNV DAY 7
ATzATAN2 CX,'f DAY 9
ARG=AT-1 .5707963 DAY 10
E*EXP(-Y) DAY 11I
C=COStX) DAY 12SSINCX) DAY 13
R=X**2+Y'*2 DAY 14
TESTwO.O0001 DAY is
IF(R-1.O) S910,10 DAY 16

10 TEST=O.1*TEST DAY 17
IF(R-2*0) 5.20,20 DAY 18

20 TEST=0.10TEST DAY 19
IF(R-4*0) 5,30930 DAY 20

30 TEST=O.1*TEST DAY 21
IFCR-200*0O) 5931,31 DAY 2a

31 TESTzO.0001 DAY 23
AL*O.5*ALOG (R) DAY 24
y2-y DAY 25
SUMC=Y/SQRT CR) DAY 26
SUMSzX/SORT CR) DAY 27
TCmSUMC DAY 28
TSxSUMS DAY 29
DC 33 Kx1,15 DAY 30
TOzTC DAY 31
TCz-(TC*Y-X*TS) *K/R DAY 32
TSz-(TS*YX*TO)*K/R DAY 33
SUMCxSlJMC*TC DAY 34
SU)4SxSUMS+TS DAY 35
IF (K-IS) 34,35935 DAY 36

34 IF(CAiAS(TC)+ABS(TS))-TEST) 35#35,33 DAY 37
35 SUtiC2SUMC/SQRT(R)*C-1.) DAY 38

SUNSuSUMS/SQRT CR)* C-I.) DAY 39
SON*SUMS*3.141593*EOC DAY 40
SON-SON DAY 41
CINuSUMC*3. 141593*EOS DAY 42
RAwAL-C IN DAY 43
RBzARG+SON IDAY 44
GO TO 4 DAY 45

33 CONTINUE DAY 46
5 ALxO.5*ALOGCR) DAY 47

SUMCZO .S7721566*AL*Y DY 4
SUMSuAT#X DAY 49
TCzY DAY 50
TSzX DAY 51
DO 1 K=1*500 DAY 52
TOzTC DAY 53
COX2K DAY 54
CAY=K. 1 DAY 55I
FACT=COX/CAY=42 DAY 56
TCzFACTO CYOTC-X*TS) DAY 57
TS=FACT CY*TS+X*TO) DAY 58

25 SUMCxSUMCTC DAY 59
SUMSsSU45,TS DAY 60
IFCK-500) 409393 DAY 61

40 IFCA8S(TC)AFS(TS))-TEST) 39391 D~q 62J
3 C~aE(COUMCS*SMS)DAY 63

SONzE* CS*StJMC-COSUMS) DAY 64
RAuAL-C IN DAY 65
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R4zAIRG*SON DAy 66
GO TO 4 DAy 67

1 CONTINUE DAV 6R -
4 RETURN DAV 69

END DAV 70

C -- VERSION 4 - CDC 6700- P P 0 3- JUNE, 1972------------------ LK3 3

OVERLAY (LINK39390) LK3 9
PROGRAM PR03 1K) 6
DIMENSION GMIJ(b,6) LK3 7
CALL SPRG4 (GMU) LKI 8
CALL SPOGS (GMU) LK3 9
END 1K3 10

C SF4 2
c --- VERSION'4 - CDC 6700 -S P P G 4 - JUNE. 1972---------------- SF4 3
C SF4 4

SUBROUTINE SPPG4(GMU) SF4 S
C SP4 6
C PROGRAMME~R- 0. FALTINSENDNV SP4 7
C SF4 9

COMMON AM(27).NUTNMASNOSST(25),OS(25),ELELLoXc25,8),Yc25,8,,FPMSP4 9
IAS(27).XMAS(27),ZMAS(7)RG(7)XGZGTMASE.'.E5E66F146TSP 10
2STRF33,RM3S.RM55,DGMDIPKN.TVOLALFA'.0,ll),BETA(40,l1)HxD(10)SP4 11
3,FN(S).83AM(30),CDG(10),SDG(10),OMAXOMINNFRNOKNO8,NOHO0qFNr40),SP4 12
4FR(7,6),XX(2597),YY(25,7),DEL(2S,7),SNE(257)CSE(2,7)EN(257',5P4 13
5UNOMEGAID.TITO(12),WOPDNON.IXASTPOIG10OITCRVCMCFPNTOP SF4 14
COMMON STI (27) ,YMAS(27).6EAmn~fRAFTOMAX,1F,~,MLIEND,[8ILGE,IPPES, SF4 15
?VNYGRAVAMODLMODAKEELL,REAMKLITSI25),PD(25),RFD(2S),DELTAD(25)SP4 16
2,PKO(25),S0C25)coSP'4f(25),PHTn(25),STPP(25)TH40(50) SF4 17
COMMON NWSTF, INASTP (12) SF4 1n
DIMENSION GMIJ(6.6) SF4 19
DO 111 1=1.6 SF4 20
no III JxI.6 SF'. 21

III GmU(I,J)x0.0 SF4 22
G'4U(1,1)hl. SF4 23
GNU (2.23zl 1 SP4 24
rMU(393) Il SF4 25
GMU(4,4) uE144 SF4 26
GMUC4*6)xEI46 SF4 27
GMU(S55;EI55 SF4 ?8
G'4U(696)xEI66 SF4 29
GMU(492)=-ZG/ELL SF4 30
GMU(294)z-ZG/ELL SF4 31
GMU(1 ,S)zZG/ELL SF4 32
GMU(S. I)xZG/ELL SF4 33
RETURN SF4 34
END SF4 35
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toSF5 2
C -- VERSION 4, CDC, 6700 -S P R Cu 50 JUNm 1972 ----------------SP5 3
C SF5

SUERGUTINE SFRfI5tGH'J) SF5 5
c SP5 6
G PKOGRAMM1Lt- W. FRANKpNSRCG, ANU 0. FALTIN~iEN,ONV SF5 7

CSF5 a
OINHbIO4 THCAL(30) SF5 9
COM4ON A.1(2?),NUrNNAS,NOS,ST(25),OS(25),EL,ELL,(25,8),y(25,8),Pm SF5 10

lAS (27) ,XiAi(27) ,Zi1AS427) ,RC27) ,,ZG,T41AS,EI44,EL55,Ei66,EI46,TP SP5 11
2STF.F3j,.(f35,RM55,CGM,1P,K,N,TVUL,iALFA(40,11),bETA(4O,11),HGG10) SF5 12
3,FN(5),#SAM (3,)CG1 ) S(0 OAX,OINNFRL.K IOdfNUH,uE.4( 40) SF5 13
4FR(7,6),XX(?5,7)IY(25,fl,DEL(25,fl,bNE(25,?bt$S'-(25,7),ENI(25,fl, SP5 1'.
SUN p0HaGAf0, rITO (12) p WRj, NON IXAST p G(1) IT LEV,?.XC, FRNTOP SF5 15
;OM1UN :iT1Z27YAS2 )dEAM,ORFTr4AX,iRt1,IEOpIILGE,IR.S, SF5 16

21tiY#G.AilAOOLIM1OOpAKEELLSEAIKLtlTS(25),R(25)#Fu(25),OELTAC(25) SF5 17
2tRKD(25JSJ(25),COSP~(25),Piio(25STk(25),TMD(5l) SF5 18
CURIMLN NWSTP,INWSTP(12) SP5 19
COdssCtN /L.Oaeml'J/ STLOC24J ,WURO2,MO. O3,IOAl4PIPRCNT,82C5) ,B3t5) , SF5 20

2 P82(25,S),pPO3(255)l.LASS SF5 21
COMKCN /i'FOIL/ IFOILRHO, NF,CL (Q)SAN 10)COO 11 S (10),YF (10 FPIOO 81

2)gZF(.LG,OuAtMA(10)gCLZ(I0JASP(I0),lPINT Ff400 82
COMMOLN /'2FOIL/ GA(6,6) F400 5.3
DIflLNS13N A(3360) SF5 22
INTL.GER~ PRITOP,H SP5 23

C0JPPLEX CFAC(6) ,CSUfl(6)OOUZOEVENt0UNi3,OuN2,CPETP,QQ,II SP5 24
C01*LEX 3FX(6) SP5 25
COM~PLrX DEF(61 SF5 26
Cb~nCN /TEh F/ POFR(b,25),POFI(6,25),'Q10(6,J0),AID(6,30), SF5 27

2 DA1tl),UI1(11)FEXR(625I.FEXI6,25),uAz(10,26),oOiS(10,26)t SF5 28
2 TOs&(6,6),TO-i(6,6),SikF33(2-),SPl35(27),SeM552),S.1.,27f SF5 29
2 PAV(25,7,6bFAA(25,7,6),A(6,6)OJ(66),TEVC6,6)tdEV(6,1), SF5 so
2 TUDL6,6) ,JOJL6,1),lIcEXto,3),ARI(42) ,MR2(42) ,ATiC.2bAT21,2) , SF5 31
2 VC2)SK(7fCY2)r82)PEL81)PEP81) SF5 32
2 FZS(5,)rS(5vVS,2),Z'G2)FRG2)FI 2) SF5 33
2 T1'PRSG(25) ,TNIS&,(25) ,CLiSG(25) ,JLIbG(25) ,RHM1C53) ,HE(3O) ,ZN(30) , SF5 34
2 XLiLt:O(303,IHP O(50),WAVA.1rC30),OU14(?6) SF5 35

COMIUON /itlPI/ FACT JJ,FuIG1,IVKN0TSI WSLOPE WSTP, IWSTP fLGXI SF5 36
COm;OC /TM1?2/ St*I(30,6,2) SP5 37
CO1MMON /TflPS/ RLOC5,30,25J,AILOC5,30,25),STATN(24) SF5 36
CCtI't.UN .TMF4/ HAO(5v50,2)jhHFES SF5 39
L.UMMCN /Tf4P5/ 8OV(30,6,2) SF5 40

OltLIhS1ON OItiu(6,6),TUiF(6,6),TEVF(6,6),tIOOFC6),BEVF(6),T(32,62) Ff400 84
31MfENSION TUUA(6,6I,TEVA(6,6),;IODAC6),2E/AC6),TO.6d6,6),TEVd(6,6), FM1OO '55

230..E(6),3EVt(6),TuUC(E,6)tTEVt.(6,6),BODL.C6),t8EvC(6) Ff400 86
DATA MINJ /3HflIN/ SF5 42

EACKSPAIE I FIO.CC 87
2198 FuikMA71IlNUN-3NENSIONAL ACCEO MIASS DAM4PING, AND RESTORING CCEFF FlMCD 88

21t.IEIJS A:4u EXtlrItG FCiCES ANDO I1OMENTS OF THE STRU~TS ANJ FOILS) Fl'Ot 39

2 SPEEO ',F6.2t6H KN0TS/ldXI6H(HEAu SEAS :180),9XISHFKOULF NUIIBER FNCD 91
3 =,F7.4,///) FMCO 9

2200 FO~dI4T (/56H NOi4-OIlNLNSIONALIZr.C ALLIED MIASS COEFFICIENTS OF THE FOX Flt.CO 93
ILS -) FM03 94,

2201 Fui.JMT(JEf6HWE(NOI,X6HA(,lo)6X,6HA2,2),6X,,5HA(3*S),o6X6HAC(.,4) Ff400 95
I,6X,6riAC,5,bX,6HA(6,6)6X6HA(3,5,6x,6HA(16,),6X,6HA(2,4),6X,6H Ff400 96
2A(4,6) ) Ff400 97
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2202 FORMuT(3X,P6.3,1P1OE12.4) P1100 98
2203 FUkI1AT9X,1P10L12.4) Ff100 99
2204 FOxflATA/55H NuN-JIl'ENSIONALIZEO DAMPING COEFFICIENTS OF THE FOILS- FHOD L00

1) Ff100 101
2205 FU,QAT(X,6HhE(NO),5X,6H3(1i,6XfbHa(2,2),6X,6HB(3,3),6X,6H3(4,'d Ff100 102

1,6X,bliJ(5,5i,6X,6HB(6,61,6X,6h8(3,51,6X,6H8L2,6),6X,6H8C2,4),6X,6H Ff100 103
2t3(4,6)) Ff100 104

2206 FO~mi.T(/57u1 NON-OLIMENSiONALIZED kE!bTORING COEFFICIENTS OF THE FOIL FMC0 105
Is-) FMCO 106

2207 FuRMAT(JKjbHWjLN0)-5Xt6C(1t1)6X,6HCC2,Z) 6X,6HC(3,3),6Xt6HCi4,4) Ff100 107
1,6X,6H1C5,S1,6X,6HC(6,6),6XpoH.(3,516X61LC2,6) ,6X,6HtLL2,4),6X,6H FOOD0 108
2C(4,0)) Ff100 109

2201 POKIIATl,* NON-DIIIEtSICNALIZEO FOiKCE aND MOMENT FUNCTIONS OF THE F Fp100 110
IOIL.S-4) Ff100 111

2209 PORlIAT i3X,61WE(NO),f4XShSU (Epox,4HSNAY,?X,5HHtAVE,8X,4HR0LL,7x,5H Ff100 l12
2PITl.i, 9X,3HYAW) P1100 113

2210 FO~eiAT(JXP6.3,iP6EiZ.4) Ff100 114

2211 FORMiATL9X,1P6E12.4J P1100 115
8001 P0KMAT(l///51H TO04'x=800 GEFOkE iNSERTION UF HYDO(FOIL r.LEMiNTS/) Ff100 116
6011 FOR(MAT (/// 5 H TzV*X~e.V ILFOkE INSE#%TIUNi OF HYOROFtUIL EULiEliTS/) Fh00 117
6003 FUmM1A (///50H TOO*X=800 AFTER INSERTION OP HYDR(OFOIL ELEMENTS/) FA30 118
dulJ PLc1AT(///50m TEV*X=EV AFTEk IN~SERTION OP HYDOFOIL ELEMEdTS/) F.11 C0 119
8002 FuKl1I-T(// ?MTRIC,lr TOOF ANC oOF/) Ff100 120
6012 FU~tIN.T C/l'fAY.'ICILS TV ANC BEVP'I) P1100 121
6021 Ft.AdAT (X,P6E23,7X,1HA,±2,?H eEALgoXIPIE12.3) P14CC 122
8022 ,O,.%iATtX,P6E2.3,FT%,1X,12,?H IMAG,oX, P2-1'-!.3) P11CC 123
60C 1 FO,~nAT(///14H XINVTLO*B00/) F14CC 124
5014 FORfI4TC///14H X=INVTEV43FV/) Ff100 125
6023 PUrMaT (9X,9IP12. 3, 12X, 1P6E12. 3,12XIlPiLI2.3) P1100 126

c SP5 43
L. BY CAL.LING PmEST THE PESTOrdING FORCES AND MOMENTS FUR THE VARIOUS SECT SP5 44
L OP THE SIP AR~E CALCULATEC. SP5 45
c, SrJ3K)=-ESTUklt.'G COEPPILAIFNT(HEAV-.HEP.VE-) UP TO STATIuN K 5P5 46
L, SAF5(K)=KzSTOF%,Nu CO.FFICIEN~70Lh AVLPITC1) UP TO SiATIUN K SP5 47
C S. F55CK[= P~ESTUF.1NG COEFFICIENT (PITCH-PITCH) UP TO STATION K 5P5 48
c S.Z44(K)=MTALEi#Ti\IC HEIGHT CVFFR THE WATERPLMIhE FC.,R THE FArkT OF THE SP5 49
C UP TO STATION KC SP5 50
C Teit.SL VAKIg2LES ARE USc.0 FOR THE CALtLULATION CF L0ALS. SP5 51
C SP5 52

JO W6 4=1,NOS SP5 53
CALL i:RzSl (PF3PM!tR5pC4 SP5 54

SRFJ(K)P~c33 P5 55
SKIS( ~i ?I~35SP5 56

S.r155 (K) =Ii,0l55 si's 57
SU 44 (K) =PC..4 SP5 58

681 CONTINLE SP5 59
1=(o. ,1.i SP5 60
FAz,T:57.295779 SF5 61
PI=J.1'.I593 SF5 62
033: 'F53 SF5 63

C35=to35 SP5 64-
C55:N1155 S P5 65
044=OGN SP5 66

cSF5 67

C I-')Eb~ NE WANT TO CALCULATE PhESSURE SP5 68
L IPREb=2 WE 00 NOf $%ANT TO CALUULATc P~r.SZ)fJIR Si'S 69

c SP5 70
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CSP5 71
KENO&I iNOTUIMS IN THE EQUATIONS OF MOTION SF5 72
IEN9*2 NO ENCTERMS IN (HE EQUATIONS UF NOTION SP5 73

C IILGE*I MEAN4 THAT THE SHIP HAS BILGEKEEL SF5 74
C 1ILGES2 MEANS THAT THc. SHIP HAS NOT BILGEKEtiL SP5 115
c SF5 76
c SP5 77
C HOOsl mEANb*MODEL WITHOUT SILGEKEEL SP5 78
4; P0082 THE OTHER 6ASES SF5 79
L THfl IS A FIRST AFPNOXIMATION TC MEAN MAXIMUM ROLL-AMFLITUOE (RADIANS SF5 80
Q VNT'iCIEtiATIo; VISCOSITY SP5 81
C (GRtAVALvELERATION OF GR.AVITY SF5 82
C SP5 83
9; ANOOLs THE LENGTH OF THE MODEL FOR REYNULDS NUMBER SP5 84
C, SF5 85
C SF5 86
C kO(KJ=*61LGERAOLIUSO FOR STATION K SF5 87

CITS(K)x1 FORESECTIO~N WHERE KG,'591.2 SP5 90
C ITS(K)x2 MIOStCTION SF5 91
C ITS(K)&3 AFTSECTION WHERE 8/KG#I.0 SF5 92
C IrS(K)zL. OTHER LASES SP5 93
c SF5 94
C. SF5 95j
c EOOY(Ki=COEFFICIENT OF EuDY MAKING DANFING FOR STATIPN K SF5 96
C SP5 97
C MLZi LALCULArE MOTIONS SF5 98
&. MLz2 L~ALCU~LATE HCTIONb ANG LOADS 5P5 99
c SF5 100C, SF5 101

C. SET S PRIK)=1.0 IF WE WANT PRESSU,(ES ON )TATIONs K SP5 103
c IT 1S N01 POSSIBLE TO GET FRESbURES ON THE FIRST ANO LAaT STATION SF5 104
c SF5 105

V14Y=Vt.Y/SO:ZT (GRAVcr-LL**3) SF5 106
NOSHAL=NuS SF5 107

SGL =SORT(GRAY/ELL) SF5 108
SL(I x 1./SGL SF5 109
NHF tc N44.4Ot3*UWSTP SF5 110
KTH=0 SF5 Ill

C SP5 112
L. ]HIS IS WHEiE THE LUOPS FOR THL LALuULATION OF MOTIONb ANDO LOADS aEGI SuPs 113
L. THL OUiLH LC3P IS FOR HEADING A11D FROUOL NUhi9ER Atnu THc. INNEP LCCP I SF5 114
c HAVELLNGTH. SF5 115
C SP5 116

LPS =.017453293 SF5 117
FCT = .75 SF5 118
DO 999 .1i=INOH SF519
1F(SO~j(MMNi1.) 4001,400214001 SF5 120

4001 CC1.T INU. SF5 121
HDIG~mCO(uG(PM3 IFACT SF5 122
GO TO 4.003 SF5 123

14002 C ON]1NUE SF5 124
401IG=160. SF5 125

4003 CUN.TINUE SF5 126
DO 999 JJ=~IPOB SF5 127
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VKNOTS = 5OkTCELL#iGiR.V)FN(JJ)/1.689 SP5 128I
00 599 I4STP1,gN4STP SF5 129
IF (±.,~w.TP(IWSIP) .LE. 0) 1NWSTPCIWSTPJ 90 SP5 130
WSTP z 1./FLOAT CLtlSTP(IWSTP)) SP5 1.31

ASLC.FE =130.*WSTP SF5 132

KTh=KTh+ SF5 133

ITERAT =0 SF5 13'
IF (TH.MO(KTHI .GT. 0.) GO TO 1500 SP5 135
IF (ri~bItrlri) .EQ. 130. Oro. HOG1UMA) .EQ. J.) lHtl.C(TH) .001?5 SF5 136

IF (HObi(M1) .EO. '90. .OR. HECGlA.1) .EO. 270.) THHU(KTH) =.2 SF5 137
IF CThi;:JtKTI) *LE. 0.) TriMO(KTH) =.2 SF5 138

1500 IT.~kku1 ITz AT + 1 SPS 139
THm:iHHO(<TH) SF5 140

C SF5 14l
C 3Y LALLItSG TA.NAK(A THE EDOYMAKING COLFFIClLNTS FOR TH. STATION.S ARE SF5 142
L. LALLULATEO SF5 143
C SP5 144

CALL 7ANAKA(THtI,EOCY,RG8) SP5 145
00 612 LL=1,NUK SF5 146

HOIGI = £50.0 - HOIG SF5 147
roF=6. 253ld5 SF5 ±48
uX I=AuS (bOKT (I P/64lLL))TOP FN(JJ) COG 0M) /AM (LL)) SF5 149

C SF5 150
C GXI IS THI NO.4-31r.ENSIO KALI ZED FREQUEN1CY OF ENCLUNTEft. IT IS SF5 151
C OIMENzIJeNALIZE0 BY tULIPLICAT1ON WITH SQKT(G/L). SF5 152
C. SF5 153

IF (UX.-0.05) 5002,5002,5003 SF5 154
C SF5 155
C, THE ABOVE TEST IS MADE TO EkCLUL%;E THE CASE OF GXI=0.0. IVIS HAS SF5 156
C I.'PuRTAr.CE FO- THE FOLLCWING SEA uASE. SF5 15?
C SP5 158

5002 :Of.TINCE St'S 159
GXI=G. C5 SF5 160

5003 C.ONT IfUm SF5 161
WE(LL) =GXI*SGL SF5 162
ZN(LL) = GXI SF5 163
WVLt.Th = :AV(LL)*'LL SF5 164

WAVAit:P(LL) =.4TP*WVLNTHr/2. SF5 165
XLl.AlLJ(LL) =I ./tI.AM1(LU SF5 166

0N0 2.5*GXL1, SP5 166
0r0 2UJ ;xIf 2 SF5 167
00 200 .=1,6 SP5 169

2i0 Jc3(L,".)=0.3 SP5 171
00 1 ? =2,NFR SP5 172

OIFF=Cr-N(4-,X1'SCT(O.5) SF5 174

IF(O1FF) 19S30 SF5 175
1 COIN1U SP5 176
3 CON! ihUE SF5 177

N =1%h1P SP5 178
OLLT 1=ber~t; (N) -OliZN (-I) SF5 119
NUNNtU7- I SF5 180
NU 1d=6*NJN SP5 -8

KI z NJ13 SP5 182
K2 = 24,UHt3 SF5 183
K(3 = 3*%U10 SF5 184
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lISKlP z~ f(N-Z)*iU,18 SF5 185
NELFM = 2I*SFR*NUII SP5 186
CELTO = tXI'S0Rr(O.5) - OhEN(N-i) SP5 187
TERM =JELTU/OELTI SF5 188

C.SF5 189
L. ThE FULLUWING PrOCECUaRE READS IN FROMl CRUM STORAGE THE PRES .U3ES, SF5 190
C C~ALCULATED IN bPRG2v NECE.-:SAY TO 6ALCULATE THE Fk-ESSUKE AT TH4E GXI SF5 191
C FRECUEN6Y. PRc.zSURZ MEANS PRESSURE Pr.tK UNIT MOTION. PAA AnD PAY A SF5 192
C PkE.SSURE3 SF5 193
C SF5 194

00 350 K=19NOSHAL SP5 195

00 350 .J=1,NCN SF5 197

KM = (J-1)46 tNSKIP SF5 198

00 350 4=1,6 SP5 199
Kh KM SP5 200
Aiii A(KM) SP5 201

A2 ACKMtK1) SF5 202
AT1 A(KM1+i2) SF5 203

A12 A(KM.I<3) SF5 204
DELT4 =ATI - AR1 SF5 205
DELT5 AT2 - AR~2 SP5 206
PAA4K,J,M1) =R Ak + OLT4#TLRM SF5 207
PAV(KJ,M) =AK2 * OELT5*TERI SF5 208

350 CONrTlINUE SF5 209
#.nWINO 20 SF5 210

00 202 L=1110 SF5 211
OELT2=(ALFA(N,L-)-1.LFA(N-1,L))/DELTI SF5 212
JLLIS3TA(',L)-BL-TA(1N-1,L))/UELTI SF5 213
0A1(L)=ALFACN-lL) .JELT2*(GXIS~jRT(.5)-OlEN(N-1)) SF5 214
O~4)3T(-p)OL3(GISR(.)OE(-) SF5 215

202 CCAIt4UE SF5 216

SF5 217
C VISC 1S kALLEO TO CALCULATE SK(IN FPICTICN AND EODYMAKING CAM~PING. SF5 218
C sFr 219

CALL vISe CGXI, VU,TVO ,THME-CDY,RGD) SF5 220
TdK,0.0 SF5 221
00 4 KiJuS SF5 222
SBK.G(K)=J.9 SP5 223

4 CONTINUE SF5 224
IF(ILG..-1) 3003p30039300I. FMC0 127

3003 ;OlT INUa SF5 226
cSP5 227

c. vILGEK iS CALLE. Tu CALCIJ.ATE eRCLL DAMPiNG DUE TO t31LGEKEELS. SF5 228
c. SF5 229

%;ALL BILGFK(GXlPTHM,SdKDITGKG) SF5 230
3004 CUt.TINUF SF5 231

C SF5 232
L DA AFc. ADDeD MASS LD~.FFIClc.KTS. 03 ARL CAMPING COEFF1CILUTS. 9CTH SF5 233
L Atk. FL.K TrLz W'1ULL SHIP. SF5 234
C SF5 235

C.SF5 2.36

OA(1,I)=3Al(1) SF5 2.37I
Obi1,I)=J3t(13 SF5 238
DA (2,2)=JAI(2) SF5 239
Wi C2,2)=0dl(2) SF5 240

JA C33,-.,A 1(3) SF5 241I



3A (2 ,4)z.J,~(9) SF5 24.3
DB (294)=OB1(9) SP5 24.9.
DA(2,6)=Ai(s)-FN(JJ )/(XI*2O08iC2) SF5 245
DB(2p6R=-JD4l(d) #FN(JJ[* 1(2) SF5 246
OA(3,5)=JAL(T) .FN(JJ)/GXI**2*021(S) SF5 247
O8(3,5)1j81 (7)-FN(JJ#*CAtC3) SP5 2'e8
DA4414)z0AW1(. SF5 24.9
063(494)=E)31(4,) SF5 250
DbC4,4)2J8(4,) +TVO+T8K0 SF5 251
fA(4s2):DA(2v4) SF5 252i
aB (492)=08 (2t4) SF5 253

DA (I.6)=OAI( 10)-FN(JJ)/GXI'*29 001 (9) SF5 25.
E8(4j,6)=O31A1G) +FN(JJ)*OAl(9) SF5 255
DA (5 ,3)=ORI(7)-Fil(JJ )/GXI**2'02i(3) SF5 256
08 (5,3z001(T) +Ffl(JJ)'6Ai(3) SF5 257
0A (5,5i=DAlA5) #(FN(JJ)/GXI)**2*OAi(3) SF5 258
0B3(5p5)=231C5) +(FNCJJ)IGXII*42*0ol3) SF5 259
OA(6,2):.A(8)FNJJ)/GXI#*2021C2) SF5 2E0
O8(6t2)=3t31(8)-FiC(JJ)*OAlt2f SF5 261
DA(6,4).0A1(10) +FN(JJ)/GXI"42081 (9) SF5 262
Jo (6,'.)=J51(10) -FN(JJ)*0A1 (9) SF5 263
DAC6,6)=JA1(6)4(FtN(JJ)/GXI)*2OAI(2) SF5 26.
O8C6s6)=JCti ()+FN(JJ)/GX)*2O031(2) SF5 265
IF(It:NC-1) 3001,3GO113002 FMOO 128

3001 CONTINUt. SF5 267
c SF5 268
L ENOSE' CALCULATES THE AdDEO-MASS AND GAMPING TERMS) THAT ARI.)E FFOM SF5 269
L SEPAKA11ON OF THE FLOW A80UT THE HULL. SF5 210

C.SF5 Z71
CALL ENw'SEP(DAO-3pGXl,PAA,PAVJJ) SF5 272

30)02 CONTINUE SF5 273
C SF5 274

c THlE FOLLOWING PIKOC...CUsir- Ctt--ATE. THE CO -FhlIET KA7RICILS TOO ANDO T 305 275
c. THtSt HTNIdI.S At USr.3 TO SOLVt. THE TWO SETS vF CUUPLED iJIFFLRENT Se5 276

c E.IUATIOINS FUN THE MOTION,). IN flATtI) FORI THEY AFE- 10i3*XzdOC A SP5 277
c TEv*X=6Cd. TlFE FIRST EQUATION IS F j, THE SUiRGE9 HE.MVE, AtNU PITCH. SF5 278

*c TilL SEC.UNU 6OUATIUN IS FGi< 7Hz SWAY, KOLL A14C YAW. SF5 279
C SF5 280

co 109 1=1,3 SP5 281
00 110 J=113 SF5 282

V -I*4I SP5 283
JEVJ#J SP5 284
±00:1EV-1 SF5 285
JOO:JLV-1 SF5 286
TU0(I,j)=-GXl**2(UMUIOrJO) +AIO,JO)) SF5 237

TOO(I ,j.1) GX1IOJ(LUJ#JOU) SF5 28
TOO (I $, j4)=TUO(I ,J) SF5 2e9
TOrO(I#Jj)=-TOO CIJ+3) SF5 290

TEV(I,J.3) =:I,XU8(IEVpJEV) SF5 292
TEV(1#JJJ)=TEV(I,il SF5 295
TtV(1..3,j)=-TtV(IJ+3) SP5 294

110 CUNT it.UE SF5 295
109 %.UtNT INLE 0SF5 296[TOeA(2, 2) =T00(2, 2) -4C33 SF5 297

TuU(2,J) zT0.(%4,3) CJ5 SP5 298[ 82



TO3D3pZ) TO0(3,2J GC35 SP5 299
TGO(3,3)=TOO(3,3J +C55 SP5 300

TCO(5*5JzTOD%2#2) SP5 301 *
TO(56xTO2o)SP5 302

TOO(b, 5)2T0L3 2) SF5 303
TOu(btb-T010L,) SF5 304
TEV(2,2)zl7-V(212).C1.'# SF5 305
T.':(5p 5) =T..V (2 92) SF5 306

C 4 4 4 4 # v 0 FCO 129
C FOR A HULL8CKiE HYC#IOFCiL (IFCILxZ), SUBROUTINE -FOIL- CALCULATES FIICO 130
6 THE fOTIUN COEFFICIENTS ANO THE*LXC'ITATICN FORC~S AND M1OMENTS DUE P1100 131
C TO THL FOILS. tEIURNEG ARE THa TERMIS FOR THE TOO, 800, TEY, A40 FIIOO 132
c SEW MATRICIES F11O0 133
L P1100 134

IF(IFOIL-L) 7200,7200,7100 FMOO 135
7100 CALL FiUIL(tUFTEVF,8OL;F,8EVFVKNOTS,WAVAMP,MDG1,GXI,ELL,RHO,hF,CP FMCD 136

2LSPANtC4U~OSYFZF ,OGAiA,CLZ,ASit,TlA,TLL) FR00 137
00 711C JAsi,6 FMOD 138
Ou 7112 JB.=116 FKCO 139
TO)A (jApjd3 TOO (JA ,JBI FM00 11.0
TEVA (JAJa) ZTEV(JAJ3J FM00 11.1
TOO(jAJJ)TOO(JA,JB)sTOOF(JAJ~B P1100 142
TEV(JA ,J3)TEV(JAJ2) +TEVF(JAJ~B P1100 11.3
TOCB (JA~ja) xTOO (JA ,jB F MO10 144'
E V6 ( iA ,J d) ftE V (J A J 8) Ff00 14.5

F112 C 0 1T 1tUm fHCC 146
7110 ONTINUE Ff00 14.7
r200 CONTIN4UE Fr.0O 14.8

C 0 4 4 9 P110 14.9
00 1010 L=1,6 SP5 337
CFX(L)ZC0.O,0.0) SF5 308

£010 CUNMINUE SP5 309
INOS=U SF5 310

C SP5 311
C THE EXCITING FORCES AND MOM1ENTS FO<( THE WHOLE SHIP (bO0 AND EEV) A SP5 312
L N3W LALLULATED. PEXb1 ANU PEXI AKc THE FU;<,-S AND 1FOMQNTS FOR SECrI SP5 313
C SP5 314.

iJo 32 K~l,14uS SF5 315
KO=K SF5 316
WNH-TCP/84M(LL) /2. SF5 317
CP=WN* (aT CK)-Tf-STb'".OG(DMf) SF5 318
ui=LUS(CP) SP5 319
CP2=Slh(CP) SP5 320
,~PrT=(CPtlI#CP2)40:(K) SF5 321
.311-=ST()-TPST SF5 322
D0 1643 r11,NON4 SP5 323
fR(I , )2EN1 (KI) SF5 324

LFR(Ii2)-S:l.(K91) SF5 325
FR(I,3J=kSECKf,i SF5 326
FR(I,'.)=XXCKpl) CSE(K, Ib-YY(K, Ib'FRLI,2) SF5 327
FR(l,5)=-0LP#FK(1 3) SP5 328
FR(I ,6=j~lP*FRCI,2) SF5 329

1643 CcJNTINLE P30
00 l0ul L=196 SF5 331

1001 '..SUM. (L) =(0. 6 p,0. 0) SP5 332
00 610 L~i,6 SF5 333
DEkt Lb 0.0 SF5 334
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610 COTlNUt. SF5 335
00 %1 J=1,r40N SP5 336

PETxEJCCi.NYY(KoJ)) SF5 337
ARG2a"N*AX CKJ)*SOG(NM) SP5 338
FCsCCS ARG) SF5 339
FS-SlN (AAGJ SP5 .3140
CFAC(J.)zFC*FR(J, I) SF5 341
LFAC13)zFC*FR(JgS) SP5 34.2
CFAC(5)zFC*FRIJP5) SF5 343
CFAL (2)=liFS4FRCJt2) SF5 344.
;FmC(Ud=LI*FS*FR(J,4) SF5 34.5
CFAC (6)uxl'FS*FR(J,6) SF5 346
PPFp.( jp3) SF5 .3'.
O~zll#FR(J92)*a0GMM() SP5 3968
GOOO=(FPPFC',I10aQFS)*(GXI *S~kT(C.5'14N)/UNI SF5 31.9
Dh VctCJ'F P (GXI *S~kT(0*5*WN)/UN) SF5 350
0UII.3=.FA(,(3) SF5 351
0UI12=LFAL.. (2) SF5 352
CFAu(1)=CFAC(1)-d000OCiIPLX(PAA(KtJ,13,FAV(KJ,1)) SF5 353
u.FAC (3) = FAL C3) -JUL3&3CMPLX (PAA (K,J, 3) PA V(KpJ, 3) ) SF5 354
CFAC 45)Fu (5) -JUDCt.PLX (PAA (Kv J5) A V (K,J, 5) ) SF5 355
uFAC(2)=CFALC2)-0EVEN#CPLX(PAA(j2),PAVKJ,2)) SF5 356d
CFACC'.)=CFAC(4)-)EVENCA1tLX(PAACKJ,4) ,PAV(K,J,4)) SF5 357
L;A()CA~)O-E4%rPXPAK~6 PFAV(Kj96)) SF5 358
CFAC(5)=,FACL5) tC2.*II*F(jJ)/X)*(LFAC()-CU13) SP5 359
CFAL(o)=CFAC(6)-(2. 1FNl(jj)/GXI)'LCFAC2)-Ui2) SF5 360
00 1G02 Lxi,6 SF5 361.

1002 CUl L3=CSUdlL) #PEI* CEL( K,J *CFAC (L) SF5 362
0EF(3)=0--F(J1-u0Lt; PLX(PA.(K,J,3) ,FAVL(,j3) 3FET~iEL(K,JV44. SF5 363
OL-F(5) =u..F(5-D0J..,CrPLXCAA(K,J,5),PAV(K,J,53I*PLT 90tL(KJ)'2. SF5 364
DE()UF2-E!4CPXPAKJ9);A(,,)*EOFig)4 SF5 365
OEF(q)=uEF(4)-OEVIEN*CFLXLPAA(KJ94) ,PAV(KJ,'))*PE7CLL(.(,J)*?. SF5 366
OEF(6blUEF(6)-DEVENCIPLXCPAA(KJ,6) ,PAV(K,J,6))FLTODLL(K,J)62. SF5 367

71 COIT INUi- SF5 368
00 10 L196 SF5 369
PEXR (L ,K0) =rEAL(CSUM I L) *COET)/7V0L SF5 370
PLXI (L ,KOJ =AIMAG(C-Ul ML) *CPUE ) /T VOL SF5 371

10 C0.T ii.UE SF5 372
PEXKA1 ,.KO)1(.0*EXR(If1K0) SF5 373
PE.X.(t2,'O) =4. g*PtM (2,KO) SF5 374
PLXktJ ,KtJI:,.0*P.XR(C3fK0) SF5 375
PEXK(4p,'o) :2.O*EXKC4,.(0) SF5 376
F-EXk(5tK.O) 12.0*EX, (5f(0) SF5 377
PEXR(6 ppQ =2, "P -'M(69O) SP537
PLX1 (6,Ku) =2. 0*P.XI(6p,)<) SF5 379
PEXI (5 ,KjJ32.O#PEX1 (5,1) SP5 380
PEXI(4,1()2.0*PXC',KO) SF5 381
PEXI(4U1KJ)=G OPaXl C3,K(0) SF5 382
PEXI2,Kj3=.0PXI(2,(0) SF5 383

PU~(L,KJ=LIL(0EF(L)VCPrTII)/TVOL/GXI/S(K3*2.*FN(JJ) 5P5 385

POI( )=4MG(E()*~T41 IVLGIJ()4.F(J SF5 386

b11 tNT111UC SP5 387
30 lUJ3 L=1,6 SF5 388

IPG. .,FX(i) =CFXCL) .CPET@CSUM(L) SF5 389
32 GUNT1JIUC SF5 390

00 163 L=1,3 SF5 391
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LEV=L*1 5P5 392
LUOzLE V-1 SP5 393
£300(L, i)z.REAL(CFX(LOC)3/TVOL .P5394
BOD(L93Jpl)zAIMAGCCFx CLOC)) /TVOL 539
dEV(L, U=REAL (CFXCLEv))/TVOL SP5 396
8EV(L+3, I) A I tAG ICFX (LEV)) I TOL SP5 397

103 CONrIN~i SP5 398
B00(1, 1I24o0*EOO(iv1) SP5 399
B8taf2, 1)1=.0*8ODC2,1) SP5 400
dOC(3lJ, =V2.G0td0O(l,1I SP5 4.01
d00D(4vlIx4.0*U0G(4,1) SP5 402
a00(5,11*4.0*dO0(5,1) SP5 403
800436,1) x2.O9 d00 (6,1I) SP5 4.04
f3EV(1, 1)=4.G*8EV(1,1) SP5 4C5
3S.V(2t i)=2.g98EV(2p 1) SP5 4.06
SCV(3, 1)x2.0*fEV(3,11 SFS 4.07
8EV(4,1)=4.0*8EV(4,1) SF'S 4.08
BEVl5p1)=2.0*BLV(5,11 SP5 409
dEV(6, 1)=2 .OBEV(6q1) SP5 410

c SP5 411
C 800(191)= kr-AL PA.RTCSURoiE/H) BOD(4, 1) 1AGINA~RY PARrCSJRG SP5 4.12
c B 8V (IV1)=-tr-L PART (S3AY/m) BEV(4, 1) =1.AGINARY PARNSWAY SFS 4.13
C BU 1211 J= EAL PMRI HEA VF/H BO(5, 1) = ImAGINARY PARTCIhEAu SF5 414
c BEV(2,1)=,<EAL E-AxT (ikLL*L/H SEVC5fi)=lrf-GIi4AAY PARr(.tOLL SP5 415
C BO( 8 ,1i:; AL PART(P.LTCh*L/HJ SOD0(6, 1) =:I1AGlitARY PART(FITC SF5 416
c 87V C3 I),1).-AL PAk~TLYAWL/H) BEV(6,i)=IhAGINARcY PART(YAW* SP5 417
c SF5 418

C 9 9 9 9 9 9 9 9 9 9 9Ft'00 150
IFCIUNIL-1) 7600,7600 ,7500 FMOD 151

7500 JO 751t3 jAz1,6 FMOD 152
SODA (Ji.)=0U (JM4, 1) F10OC 153
SrVACJA)=bLVCJA ,I) FHOO 154
dU0CJAq13=c3UC(jA,1) *eOCF(JA) F?100 155
9EV(J4,1)=3LVCJA,11 +dEVF(JA) FMOO 156
dti0ri(JAhc3OO (JA, 1) FMLO 157
JtkVb(JAI r0cV(JA, u FMOO 158

7510 CUNTINUE FMOO 159
7600 C0CN1INUE FIIOO lE0

f 9 9 9 4 * F1100 161
BOV(LL,1,1) = OU,(i,1) SF'S 419

BOV(LLt2tl) =8EV(1,1) S542
80V(LL,2,21 BcV(4,1) SP5 422
8aV (L L, J ti) = 03L(2,1) SF5 423
BCV(LLJ,21 = ')u (5 ,1) SF5 424
BOV(LLt4,1) = EV(2ti) SF5 425
bGV(LLL.,23 = EV(5,1 SF5 426
BLiV(LL,5,1) = 00(3,1) SF5 427
B0V(LL#5,2) =80r)(691) SF5 428
BDV(LL,6,1) =b-:V(Jp1J SF5 429
60V(LLt6,2) = EV(6,1 SF5 430

C SP5 431
1. MAT1Nb IS U,:)CJ TcU SOLVE THL. EOUATIOUS OF MIOTION. 5P5 4.32

c SF5 433
CAL~L Ii1.TNS(TUO6,6,OOC,1,1,uTRIIOINCEXJ SF5 434
00 5201 LQ~tt6 FelOO 162
30uLtlGV=dOjIO, 1 FiMOD 163

85



00 8202 J0~l,6 Ff100 164
8202 TGOC(1'.,JQ)=lO0(IOJO) Ff100 165
o201 GO NT lflUE Ff100 166

iF(IO-1) 501,501,502 Ff100 167
501 CALL 'IATNS(TEVp696taEV,±,itOTRM,1,jlNCEX) SF5 4 3f

00 82(JJ !Q=196 Ff100 168
83EVCf1U)2c3EV(10, 1) Ff100 169
00 o204 JC~1,6 Ff100 170

8204 TLVL(IC,JO)zTEV(IUJQ) FMO0 171
8203 CONTINUE Ff100 172

iF(IO-±i 503,503,502 Ff100 173
502 00 IC5 L=116 SIS 4'28
105 CFX(L) 2(0.0,000) SI'S 439

GU TO "9 SF5 440
503 COtNT 14UE SF5 04

RMO(1, LL) =t)OO1,1) SF5 442
iCf1(2LL=jE~V(1 ,1) SF5 443
0*10(3, LL) =30C 12,91) SI'S 4.44

KMfU('.,LL) =3EVC2,i) SI'S 4115

RM(6 p .0 =8EV (3 ,1) SF5 447

A1-.0C( ILL ) =80D (4,t1) SF5 4648
AIlM.(2 ,LL) =9LV(4, 11 SF5 449
AlIMO(3 ,LL)=t30U (5,1) SP5 450
Alfou(4 ,LL) =8EV (5,1) SI'S 451
AIf1O(5 ,LL)=d00 (6,1) SF5 452

AZO6 DL=EV(6q1) SP5~j 453~;

FMOk~~ ( //2 4 , LL)0 =-/~t]CH(4 tNLL) EAM,5 SP5 452
2 i5,LLF)uJ-IOf5LL..J F1* 45PAMM(LL.EN)~LFt. SF5 455
H.M17(6,697%O6tLdML) SF5 476

A9 IOl ( /)) =K5 5 L)*~i(L P5 4758
WITL(6,550lu(qL*AML) SP5 4596
T 5 t) F0I~(.X,2 LL SOT(MS( L)*R 2~ 4 L L) ~I8T0 ) *4Vh(L V HSI'S 470

IF (S1FK.(K) 5202t5202,5203 FMP5 14
5205 CONT.INU. SP5 4812

c P:P~ SF5 462

L k~.(o50) SP5 463

IkKO~ ~ ~ ~ ~ = -.-.-2)2SP 6

IF~~ ~ ~ ~ (It~ O.1 K.'(,J) E

700 ~mM! (lPRZ'S0E u )TI8U~CN li HE HLL C?%THESPECFIE SP 4E



5U66 Fu#%MAT(73HJAIrPLITUOE AND PHASE OF THE PRESSURE FOR THE SPECL,IEO P SP5 484
1.uIirS Oet SECTION 12) SP5 485
WRITE(6,52071 SPS 486

921? FOAllNMT(?5X,13H Y-C00OlWATE#SXtl3H Z-CCOicOINATE,7Xfl0H AMPLITUOE,1 SF-5 487

00 5206 JS*LPZ SF5 489
IF(JS-1) 6222,622296223 FMCD 175

6222 CONTILeuc SF5 491
GSP&I. I SF5 492
WRITE (6,bZ224I SP5 493

6224 FOiP"AT (1614 STARBOARD SIDE SP5 494
60 TO 6225 SF5 495

6223 CONTINUE SF'S 496

CSPU-1.0 SF5 497
WF.ITE (6,6226) P 3

6226 FOkY.AJ (111 POXT SIDE )P 1099
6225 ;Qll1INUE SP5 500

00 5209 J~1,fKCN SF5 501

ZPRESYY1(K,J)*EL SF5 504
AifSU#%T (REo<E KP~t J.1) *2PEIr. (KPA,Jf) -2) SF5 505
IF(Pi~1IM(KPAvJ1)) 751,752,751 SF5 506

752 IF(PFkftE(KPA#JM)) 751,153,751 SF5 507
753 r'H=G.0 P50

GO Tb 754 SF5 509
751 PHm~4(RI(PvM)PEEKAJ)IFC SF5 510
754. ZUNTIt4UE SF5 511

kITE(6,5210) YrRESZPRES,AV*PH SF5 512
5210 FU.."T(25XFi.4,1uXF10.4,10X,FIO.4,10X,FIO,4) SP5 513
5209 6UNT 1NL' SF5 514
5203 CONT 1'lUE SP5 515

5204* u.T It. UE SF5 516
* 5203 COW lIt4U: )CALLC0 SF5 517

IF (IL .EQ*.)CL CD SF5 515
61Z .01%-- lNUE SF5 519

C--TEST FCR t;C'fVEh6F.JCE OF ROLL Ah~aLE------------- -------- SF5 520
-CHf0 (e(H) =dD1AX CNJK,THCAL) SF5 521
II~uAFF = THHO0WHr) - RtHD(.'KTH) SF5 52

THR6= Ad4..TrIOIFF) SF5 523
MMKT =ITLKAT SF5 524

14f1(ITLRT,KTH,0 = THHU(KTH) SF5 525
HmuIl~rIATKTH,2) = PIHfO(KTH) SF5 526
IF (1ImURAL LE. 0:0i GO TO 1505 SF5 527
IF (lTLIAT trQ. 5) GO TO 1505 SF5 528
THMU(KrH) =THIIO(KT4) - SIGN(1.,TH3IFF)FGTTH0RAU SF5 529
GO TO 1500 5P5 530

1505 IF(1IPOIL-i) 24aL,2L01,2402 Ff100 176
240Z 4rcTQbt2Ij5) Ff100 17?

00 5614 JH=1,2 FMGC 178
IF(jh .E'. 1) H1t Ff100 179

IF (JH t,). 2) H=6 Ff100 180
IF (H .&.J. 6 *ANO. FRNTOP E* M IN) GO TO 561'4 FIIQO 181
WkjTE(H,Z1'J9) lT0,HOIC*1, VK.OTS,FN(JJ) Ff100 182

WKc1TL6, 2230) Ff100 13'.

f4RjTE (o,231) Ff100 185
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00 2300 LXZ±,NOK FIIOD 186

LWElUC=NOK-LX4± FMOO 167
2300 iRITcA(6922312) ZNILIEINC),LT(LWE:It4CIXIKX=1,1) P1100 138

W~tlTf(6p2204) FIIOD 189
WRITE(6,2205) P1100 190

Du 2301 LXZiNuK P1100 191

LWGINC=NOK-LX,± P100 192

WRITE. 6,2202) ZN(LNEINCI,(T(LWEINCKX),KX=11,20) FMCO 193

2301 AdkITE(6,22~03) (T(LhqEINCtKX)fKXx2I,303 om00 194
WkTE(6,2206) FC 9
WRLTt(6,2207) P1100 196

00 2302 LX-1,NU( 6110 197
iLWE±NLrN)K-LX*1 FP10 198
WRlTcA(6,2202) ZN%(LWEINC),LT(LW-rINCKX),KX=31940) P1100 199

2302 WR4TE(b,2203) (T(LWEINGKX),PCX=4i,50) FMOD 200

WRITE(6,2209) PFl0D 202

00 2303 LX=1,NOK 61100 203
LWEItIC=Nu~K-LX#1 P11CO 204
WRITE.(692210) ZN(L.WElNC),(T(LiElCKX,KX=51,S6) P11CD 205

2303 WF&TL(6,2211) (TCLWi.CKX),KX=57,62J P1100 206
IM-RINT) 2401,2401,8000 61100 207

6000 I4RITE~b,600±) 61100 208
00 8101 IQ=1,3 PN(JO 209
JO=10+IO-1 P1100 210

8101 .WRITL(b,6321) (TO0A(IQ,KQ),Ki2=1,6),JQ,600A(I0) P1100 211
00O 8102 IQ=4,6 P1100 212
JQ=IO+ 10-7 P1100 213

6102 WkUIL(6t3022) (TO0ACIQKQ),KO=1,63,JQpdO0A(IO) P1100 214
HkITE (6,3002) P1100 215
00 5±03 10=1,3 FNUO 216
JO=I0.10-1 P1100 217

00 o±04 10=4t6 P1100 219

JQ=10# 10-7 P11CC 220
6104 WkITcA6,3022) (T0JF(±0,F.0),K0s1,6),J0,!00P(IU) P1100 221

WI . (ojiJ031 P1100 222
00 0105 £0±,t3 P11CC 223
JQ=10+ 10-1 P1100 224

8105 WkITc.16,3021) CTU3:JI0,IKQK0=1,6),JQpd00dCI10) P1100 225
00 o106 iQ=4,6 P1100 226

JQ~IQIJ-7P110 227

8106 WRITL(6,6022) LTOOOLIO,KOI ,Kt.J-:16),JQ,d01)a(I03 P1100 228

WKI.TL(6, 004) P1100 229
00 8±07 10=196 P1100 23G

8107 iKITE(618023) 90JC(IQ),(TGOCI,KQ),KQ=l,6),aouD(10) 61100 231

WKIr~ (6,60O11) FM100 232
00 8id.o 10=1,3 P1100 233

JQ=Iw#O F0 110 234
d106 nmITE(6,cd)2±) (TEVA(IUKO),KQ01,bbJO,aEVAC'IQ) P1100 235

JO 8109 104,16 61100 236
JG=I0U 1tl-6 P1100 237

8101 4ml F (b,:1322) (TEVA(l0,KO),K01,l6),JQ,dEVACIQ) F11CO 236
)4K1TL(6,6012) P1100 239

00 6110 !Q01,3 P1100 240
JQ=0iO F 110 241

81iC WkITEU6,0211 (TEVP(I0,KO),K(JII,6),JO,dEVF(IU) FPCO0 242



00 $11i 10=4,6 PHOD 21.3
jQ~zI01-6 fhoo 244'

&111 ARIT E(6,8OZ 2) (TEiFt.LQQ),KQ-1,6jJQSEVF(Io) FIWO 24.5
'RlTt(6,4013) FMCJ 24.6
00 8112 1021,3 FKUD 21.1
JQzI1j+lQ FMOO 248

6112 W.KITEA6,Si021) (TEVBCIQ,I(QI KQml,6J,JO,3EV3(I0J FHOD 21.'9
ao 5113 10x4,6 FHOD 250
JQZIQ+IQ-6 FROO 251

6113 ufI.TE(6,5022) (TEvB(IQ,KQnKQzitb)PJQ#EEVB(IQ) FMCO 252
WRITE46,6014) FROO 253
00 5114 10.1,6 PHOC 2,94

8114 WK~1L(6,J023) 3EVC(Ia),(TEVCZIOsKOJKQ=1,6),1Ev610I) FROO 255
2401 IF (11%SrP .EQo 1) CALL EXCFM Flo00 2561

CALL MCTUUT SPS 532
IF Mt .EQ* 1) GO TO 781 SPS 533
ITEhiP 2PRIJTOP SPS 534
Nos?11 2 MS - I SP5 535

00 laO ISTATxl,NOSMI SP5 536

PEOP TM SP5 51

78 J~4i'Ess 4
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ISUBROUTINE FOILUDFTEVFBO0DFBEVFVKNOTSWAMPLHUG1,GXIELLRHO, FOIL 2
2NF.Ol,02,J3,04,'b,(J6.07.08,0j9,TMASTNFkE) FOIL 3
COMMON /OFOIL/ GA(696) FOIL 4
DIMENSION TOOF(6.b),TEVF(6,6),bODF(6),REVF(6) FOIL S

5 DIMENSION OI(1O),-,2(1O),O3(10),O4(1O),O5(lO),O6(10),O7(I0),O8(10). FOIL 6
209(10) FOIL 7
DIMENSION GB(b,-6),GCC6.6)PGF(6),T(32962).GAA(6,6) FOIL 8
COMPLEX CKt32C2,PItj33.PIC33.P2H3SP1C35.P2C35.Pl8e2,PlB24.PlC24.P FOIL 9

12826,PIC25,PIU44,022i44,PIC44,P2834bPIC46.H1R53,P1C53,P38SSPICSP FOIL 10
022C5,P1'62,P~bb4,#'IC64.P2666.PC6b FOIL 11I

COMPLEX CEXLEXMtAA.APGHISN~liCOSVIV2.Wl.W2,PL1,PF2,PF3.PL2,PF4 FOIL 12
2,PM1 ,PF5vPF6.bt~,.3 FOIL 13
COMPLEX Gd.GCstF FOIL 14
P1A33=P1A35=PI83S=P1A22=P1 A24=P1A26=P1826=P1A44=P2A44=P1A46=P1846= FOIL 15

51PA5=P1S=PSS55'Ab6P1R66=P3B66=0. FOIL 16
PIR33PIC33P2-3PIC35P2C35PM22=I24PIC24P226PC2oPI844 FOIL 17
2P2844=PIC4=P46P1C46=PIR533BSSPCSSP2C5Pld62PB64PC64= FOIL 18
3P2866=P1C66=(u.*O.) FOIL 19

PF2=PF3=PF4=PFS=PF6=(0. .0.) FOIL 20
00 200 1=1#6 FOIL 21
GF(I)=(O.'O.) FOIL 22
00 201 J=1.6 FOIL 23
G8(IJ)=fO..O.) FOIL 25

5201 GC(I,J)=(0..O.) FOIL 26
200 CONTINUE FOIL 27

C FOIL 28
C MULTIPLICATION FACTORS FOR NUN-DPI'. AkE FOIL 2
C ACCEL FOPCLS (1./MASS) FOIL 30
C VEL. FORCES (I./MASS)*SORT(LPP/GRAV) FOIL 31
C DISPL. rORCES (l./MASS)*(LPP/GRAV) FOIL 32
C SUBSCRIPTS 11,13,313,22 FOIL 33
C FOIL 34
C INERTIA MOMENTS (I./MASS)/LPP**2 FOIL 35
C ANGULAR VEL. MUMENTS (I./MASS)4SURTCLPP/GPAV)/LPP**2 FOIL 36
C ANGULAR OIbPL. MUMENTS (1./MASS)*(LPP/GRAV)/LPP**2 FOIL 37
C SUBSCRIPTS 55,4494.6964.66 FOIL 38
C FOIL 39

C CROSS INERTIA (I./t4ASS)/LPP FOIL 40
C CROSS VEL. (1./MASS)*SORTCLPP/t3PAV)/LPP FOIL 41

C CROSS OISPL, (I./MASS)-(LPP/GPAV)/LP'P FOIL 42
C SUBSCRIPTS 15#359S53924926,42962 FOIL 43
C FOIL 44
C EXCIT. FOPCES/4AVE AMPL. LPP/(MASS*GRAVOWAMPL) FOIL 45

C SUBSCRIPTS 1.293 FOIL 46
C FOIL 47
C EXCIT.4IOM./WAVL AMPL. 1./(MASS*GRAV*WAMPL) FOIL 48
C SUBSCRIPTS 4-.596 FOIL 49
C FOIL so

GRAV=32 .2 FOIL 51
RMASS=I ./TMAS FOIL 52
ZLDIVG=ELL/GPAV FOIL 5
ELLSO)=ELL 0 ELL FOIL 54
FAI=PMASS FOIL SS
FB1=RMASS*S0PI (ZLUIVG) FOIL 56
FCI=RMASSOZLOIVG FOIL 57
FA2=FA I/ELLS) FOIL 58
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F82=F81/ELLSO FOIL 59
FC2=FCI/ELLSO FOIL 60

)FA3=FAI/ELL FOIL 61
F83=FB1/ELL FOIL 62
FC3=FCI1/ELL FOIL 63
FO1=ELL/ (TMAS*GRAV*WAMPL) FOIL 64
F02=F0I /ELL FOIL 65

5C FOIL 66
PI=3.14159 FOIL 67
XMU=C18O.0-Ha3t) 17.29S7795 FOIL 68
U=VKNOTS*1 .689 FOIL 69
SINMU=SIN (X.iU) FOIL 70

O COSMU=COS(XkiU) FOIL 71
OP.FGAE=GX1*SRT (GRAV/ELL) FOIL 72
GOIVU=GRAV/ (2.*) OI 7
OMEGA=-GDIVU.bURT((OiDIVU@GDIVU).(2.*GOIVUOMEGAE)) FOIL 74
A1=PI*RHO FOIL 75

5 A3=A1*U FOIL 76
81=0.SGRHO*U FOIL 77

Cl ~B *t FOIL 78
88=CHPLXCO.sI.) FOIL 79

C ------------------------------------------------------------------------ FOIL s0
O C SUMMATIONS FOR FOIL COEFFICIENTS AND EXCITATION FORCES / MOM4ENTS FOIL 81

C ------------------------------------------------------------------------ FOIL 132
C FOIL 83

D0 100 I11NF FOIL 84
CPL=01 (I) FOIL 85

5 SPAN=02(l) FOIL 86
CHORD=OJ (i) FOIL 87

S011FOIL 88
Y=05(1) FOIL 89
Z=06 (I) FOIL 90

0 DGAMMA=O7(I) FOIL 91
CLZ=08 CI) FOIL 92
ASP=O9 (I) FOIL 93
NCPL=CPL FOIL 94
ARE A= SPAN OCHOr O FOIL 95

5 ASPRAT=SPAN/Cr1UPO FOIL 96
ASPCOR=ASPPAT/CASeR'AT-ASP) FOIL 97
CPL=CPL OA ,PCO OI 9
GAMMA =OGAMA/'.> 7.e957795 FOIL 99
SI NG= S IN (3AtiklA) FOIL 100

0 S INGSo S ING *. I IG FOIL 101
COISG=COS(GAm'iA) FOIL 102j
COsGS0=COSo"*CvsG FOIL 103
CLALPH=2.001 FOIL 104
XKl =0.5*0"CGAL*CmW0/V FOIL 105

5 XK2= (OMiEGA*OytAA) /C.,AV FOIL 106
XK3=0.S 0 (OMFE)*A 4AL) OCHOROOCOSMU/GRAv FOIL 107
CALL THEO(XKI.CK) FOIL 108
A2=0 .250A4EA*LH1OP0CPL FOIL 109
62=APEA*CLALP"i*CKoCPL FOIL 110

0 C2=CLZ*AP-9A*CNCPL FOIL III
C * ~ a a * * * * * * * * FOIL 112

IF(NFPEO .6T. 1) u'O TO 308 FOIL 113
PIA33=P1A33. cA2*CuSbSo) FOIL 114
P1A35=P1A35* A2bCuSuSo) FOIL 115
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P1A55=PIA55. (A20CUSbSO' (CHOROCmOR/32..S*S)) FOIL 116
P1A22=P1A22. (A2*SINGSO) FOIL 117
PIA24=P1A24.CCA*LSINGSO).(A2YSINGCOSG)) FOIL 118
P1A26=P1A26. (A2*S*SINGSO) FOIL 119
P1 A44=P1A'44 (AeEAOAL4EAoSPAN/48.) .CPL FOIL 120
P2A44=P2A44.(A2.(ZSlJGYCOSG)**2)) FOIL 121
PIA46=PA46((A2.SOSINGSOJ.(A2Y*SSINGCOSG)) FOIL 122
PIA66=PlA66. (A2.SIIIGSU (CtORD*CHORO/32.-S'S)) FOIL 123

308 P1833=P1Es33.(d2*CUSGSO) FOIL 124
PIB35=P1B35. (A2*CUSGSJ) FOIL 125
P2835=P26335+ (024CU)SGSU*(S. (CHORO/4.))) FOIL 126
P18153=P1853.Ct 2.(S-(CHORO/4.))*COSGSO) FOIL 127
P1SS=PIB5.(A2*S*COSCSU) FOIL 128
P2R55=P2I855' ( CtiORO*3 OSPANECOSGSO/16.) .CPL FOIL 129
P3855=P3855 .42* (S- (CrIORO/4.))* (S-(CtOPO/4.)) eCOSGSO) FOIL 130

)P1B22=P1A22. (d2oSINGSo) FOIL 131
P1824=P1824.((b20ZSINGSO).(82*Y*SINGCOSG)) FOIL 132
P1826=PI8e6.(A2*SIlyGSO) FOIL 133
P2826=P2826. (c2*(S. CthORO/4.) )*SINGSO) FOIL 134
PI844=P1844. (d2*SPAN*SPAN/I2.) FOIL 135I
P2844=P2844($2((ZOSING.YOCOSG)*2)I FOIL 136

Pt)346=P1846,((A24LoSINGSO)*(A20Y*SING*COSG)) FOIL 137
P2R46=P296- (H2(S(C1ORD/4.3V*((Z*SINGSO)(Y*SINGCOSG))) FOIL 138

P1862=P1862.(be*(S-(CtOnRO/4.3)*SliGSO) FOIL 139I
P18364=P1864# Ct;2@*(S-(CHORO/4.)[ *((ZOSItGSO) (YOSI NGCOSG)) FOIL 140
P1866=P18b66(A2*b*SINUSU) FOIL 141
P2866=P29b6,(b2@(S.(CHO/4.3V(S-C^1OO/4.))*SINGbO) FOIL 142
P3966=P38b66 ((CtiJtRO3) *SPAi~oSlINGSO/16., *CPL FOIL 143
PlC33=P1C33. (C2*C',Sb) FOIL 144
P1C35=PlC35. (d2*CUSGSQ) FOIL 145
P2C3S=P2C35. (L2a(:)(CHfRO/4.3)*OCOSW) FOIL 146

PIC53=P2C35 FOIL 147
PIC55=PlC55. (c20(S-(CHORD/4.) )OCOSGSU) FOIL 1493

P2C55=P2C55,(C2o(b.(CHOtRO/4.J*(S-(ChIORD/4.))VCOSG) FOIL 149
PIC24=PlCe4. CC2*YOSI~,) FOIL 150

PIC64=PlCb)4,(L2*(S-(CiOq/4.))*Y*SING) FOIL 152

PIC66=P1C6(120(S-(C1ORO/4.))SJ(,SO) FOIL 153
PI4=I4+L**(*OG+ZSG) FOIL 154
PIC46=PlC46,((t02*L*5INGSO).(82*Y0SINMjCOSG)) FOIL 155

C 0 0 0 0 0 FOIL 156

CALL EXCIT(XK3,x61,CKEXLsEXM) FOIL 157
25 C-CMIPLA (CUSG.SIN'MUG) FOIL 158

XREAL=XK2SIN', FOIL 15;9
A IMAG=XK2*SINMU*CO FOIL 160
AA=CMPLX(APEAL.-XIMAG) FOIL 161
ARG=0 .5oAA*SPAN FOIL 16?

HCO5J0.5(CEXt'(Adh,) .CLXP(-ARG)) FOIL 164

V1 (2./AA)*H~SIN FOIL 165
V2=(1./(AAQAA))QCAA@5PAN*HCOS-e.0HSIN) FOIL 166
XREAL=XK2*Z FOIL 167
XI?1AG=-XK20Y*$IN*4U FOIL 168
AA=CMPLX (AREAL.*X IMAG) FOIL 169
AA=WAMPL0UMFGA0CEAP(AA) 

0C FOIL 170
W1=AA*VI*6R FOIL 171
W2=AA*V2.t$S FOIL 172
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W3=AA*83 FOIL 173
IF(NCPL-1) 51951950 FOIL 174

50 wl=2.ow1 FOIL 175
W2=2.ow2 FOIL 176
W3=2.DW3 FOIL 177

51 XI'4AG-XK2*S*COSMU FOIL 178
AA=CEXP(CPLX(0.*AIMAG)) FOIL 179
C=CHORO.EXLOAA FOIL 180)PLI=COAIMAG(l)ed FOIL 191
PF3=PF3. (PL1-COSG*ASPCOR) FOIL 182
PL1=C*PEALV,4I) FOIL 183
PL2=CHOROW2*LXL FOIL 1Q4
PM1=0 .25*CHO.4U*ChRU*EXM*AA FOIL 185
PF5=PF5-(((-SOPLI)-PMIod8*AIMAG(w3)).COSG)*ASPCUR FOIL 186
HD=HOGI FOIL 187
IFCHO *GT. 180.) OHO-180. FOIL 188
IF(HD *GT. 17e.) bO TO 100 FOIL 189
IF(HD *LT. 8.) 6O TO 100 FOIL 190
PF2=PF2-(PL1*SIN6*ASPCOR) FOIL 191
PF4=PF4.(PL2,PID~(Y*CUSGZ*SING) )*AS"COR FOIL 192
PF6=PF6.(((S~eLl).-PMI*PEAL(W3))OSING)*ASPCOR FOIL 193

100 CONTINUE FOIL 194

C------------------------------------------------------------------------ FOIL 196
C FOIL COEFFICIENJTS (NUN-DIM.) FOIL 197
C -------------------------------------------------------------------------FOIL 198

IF(NFREO .GT. 1) W, TO 310 FOIL 199
GA (3,3)=FAlo (.AIPIA33) FOIL 200
GA(3,5)=FA3*(-AI*PIA35) FOIL 201
GA(5,3)=GA(3*:) FOIL 202
GA(5S)=FA?e(.A1Q~lA55) FOIL 203
GA(2,2)=FA1I ('AI".'1A22) FOIL 204
GA(2.4)=FA3* (-A1lI-'A24) FOIL 205
GA(2,6)=FA3*(.A10PlA2b) FOIL 206
GA(4,2)=GA(2..) FOIL 207
GA(4*4)=FA2*(*A1*tPlA44.P2A44)) FOIL 20
GA(4,6)=FA2* (-Al*PlA46) FOIL 209
GA(692)=GA(2.6) FOIL 210
GA(614)=GA(4,t)) FOIL 211
GA(696) FA2*(C A1QPIA66) FOIL 212

310 G8(393)=Fll1*(-6*1P1t63.3 FOIL 213
G83(395) :F,30 (-A3hPI3-bP2b3S) FOIL 214
Gts (593) =F-136 (-H I - 1353) FOIL 215

G~C5,S~V~?0 .A3r~tb.A*P2,~3~3.5S)FOIL 216
Gdi 2,2) =Ft1 o ( mriIlo~2.e) FOIL 217
GH24rF3 -H*H4 FOIL 218
O6 (2,6)=FO3o ( A3QP26+810P292b) FI 1

GH4v)=-i2,)FOIL 220
GH(44)42c. *i*()1d44P2R4.4)) FOIL 221
G9(*)=t;' (-A 31fJI 46-81 00e446) FOIL 222
G6(692)=Fo3*(1dlItl62) FOIL 22._
G'3(6,4) =Ft,?o (-ljIPI,i64) FOIL 224.
GH66=t~(A*I664*e6-JP86 FOIL 225
GC(3s3) =FClo ( .Cl9PC33) FOIL 226
GC(3,S)=FC3*(-Cl*(PC35.)2C35)) FOIL 227
GC(5.3)=FC30(Cl10PlC53) FOIL 228
GC(S,5)=FC2*(+C1*(PlC 5,P2C5S)) FOIL 229
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GC(2*4)=FC3* '-C1P1C24) FOIL 230
GC(2,6)=FC3-(.C10P1C26) FOIL 231
GC(494) =FC2. ('C1IVC44) FOIL 232
GC('.,6)=FC2. C-C1*P1C46) FOIL 233
GC(6.4)=FC2*(-C1.P1C64) FOIL 234
GC(6*6)=FC2*(.Clot1C66) FOIL 235
DO 400 K=196 FOIL 236
T (NFREOK)=GA(K.K) FOIL 237
T(NFREOsK.10)=REALcG4(KqK)) FOIL 238
CNFREOqK.20)AIMA(G(K.)) FOIL 239

T(NFREOvK.30)=RAL(GC(KK)). FOIL 240
400 T(NFREOsK.40)=AIMAGGC(K*K)) FOIL 241

T (NFREO,7)=GA I3,:) FOIL 242
T INFRE098)=GA(2,6) FOIL 243
I (NFRE0,9)=GA(2.4) FOIL 244
TCNFREO, 10)=GA(4.b) FOIL 245
T(NFREO,17)= kEAL(Gti(39S)) FOIL 246
T (NFRE0927) =A IMAU (Gd(3,5) ) FI4
TCNFREO,18)= kEAL(GB(2*6)) FOIL 248
I (NFREOt2d)=AIMAG(UdC2.6)) FOIL 249
T(NFRE0919)= REAL(G83(2,4)) FOIL 250
T(NFREQ*29)=AIMAG(bH(2,4)) FOIL 251
TCNFREO,20)= REALCGd(4*6)) FOIL 252
T (NFRE093u)=AIMAG((j,3(4.6)) FOIL 253
T(NFREOt37)= REAL(GC(3,5)) FOIL 254
T (NFRE0,47)=AIMAG(GC(3.5)) FOIL 255
TCNFREO,36)= KEAL(b;C(27bfl FOIL 256
T (NFREO,48)=AIMAG(GC(2.6)) FOIL 25?
T(NFREO,39)= ixEAL(GC(2.4)) FOIL 258
T(NFREO,49)=AIlMAG(0C(2.4)) FOIL 259
T(NFREO.40)= REAL (GC(4,b))) FOIL 260
TCNFREO9SO)=AMAG(GC(e..6)) FOIL 261

C FOIL 26?
C MULTIPLICATION OF ACCELERATION TEPMS 6Y -GXI'GXI FOIL 263
C MULTIPLICATION OF VELOCITY rERMS 8Y *GXI FOIL 264

CFOIL 265
A=-GXI eGX 1 FOIL 266
86GX1 FOIL 267
00 202 I=196 FOIL 268
DO 203 J=196 FOIL 269
GAA (I J)=A*GA (I .J) FOIL 270

203 G6dI*J)=8*G8U.I FOIL 271
202 CONTINUE FOIL 272

C FOIL 273
C FOIL COMPONENTS FOR MATRICIES -TOO AND TEV- FOIL 274
C FOIL 275

Do 205 I=193 FOIL 276
00 206 J=1,3 FOIL 277
IEV=I.I FOIL 278
JEV=J*J FOIL 279
100)=IEV-1 FOIL 280
JOD=JEV-1 FOIL 281
TOD)F(I,J)=GAA(IOUJUO)-AIMAG(GU(10D.JDH.REAL(GC(IODJUD)) FOIL 282
TODF(1,J.3)=.NEALCGd(IOUJOO)).AIMAG(GC(IUDjOD)) FOIL 283
TODF(1*3.J*3)=TOUP (19J) FOIL 284
TODFCI+39J)=-I0)F(IJ.3) FOIL 285
TEVF(I,J)GAAIEVJV)-AIMA6I(IEVJEV) )*REAL(GCCIEVJEV)) FOIL 286
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TEVF(I,J+3)= ,.cALbd (I.V,,JEV))+AIMAb(GC (ItV,JEV)) FOIL 287
TEVF(I+3,J*3)=T.VvF 1,J) FOIL 288
7tVF(I+3.J)=-T.vF (I,J.3) FOIL 289

206 CuNTIqUE FOIL 290
205 CONTINUE FOIL 291

L ---------------------------------------------------------------------- FOIL 292
C EACITATION FU-CLS AND MUMENTS (NUN-U)Im.) FOIL 293
C ---------------------------------------------------------------------- FOIL 294
C FOIL 295

Gf (2)=FDl*(+AJ*PFe) FOIL 296
GF (3)=FD1*(4A..OPFJ) FOIL 297
GF (4)=FD2*(+AJ*PF4) FOIL 298
vF (i) =FJ2* (+A3*PFD) FOIL 299
GF (6)=FO2*(+A3,PFo) FOIL 300
Du 402 K=1*6 FOIL 301
T(NFREO,K+50)= PtAL(GF(K)) FOIL 302

402 T(NFREO,K+56)=AIMAo(GF(K)) FOIL 303
C FOIL 304,

C FOIL COMPU46NTS FUe :4ATRICIES -80 AND tiEV- FOIL 305
C FOIL 306

-3ODF( )=0.0 FOIL 307
BOF (2) =+rF-AL (o)) FOIL 308
,JnF (3) = + AL (;F (m)) FOIL 309

OF (4) =O.O FOIL 310
,- 1F(5)}=-AIAu(GF (3)) FOIL Al1
HiuOF(6)=-AIMAL" (Fb)) FOIL 312
-iVF(1)=+,rcALibF(,)) FOIL 313
-.VF (P) =+,E AL (GF (4) ) FOIL 314
rVF (3) =+?EAL (vF (b)) FOIL 315
tVF (4) =-A IMAt',(OF (2)) -I FOIL 316

riEVF (5) =-AIMAU((F (4)) FOIL 317
tVF(6)=-IiAU(GF (o)) FOIL 318

wt.TU N FOIL 319
999 E,, FOIL 320
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SUBROUTINE THEO(XKlCK) THEO 2

COPPLEX CK THIEO 3

1003 FOxkiT(* Y IER=*tI2) THEO 6

1001 FC.,MA7(* J1 liE,~tI2) THEO 5.

1002 FOmI.Al J*iy IER=49I2) THEO 5

1004. FOQhll(* Yi IERx*,I2) THEO ?
CALL .i8ESJ(XKI,0,XJOI.E-6,IER) THEO a

IF(l1e%.GE.3) GO TO 77 THEOG

CALL I8ESJCXK1,1,XJI,i.E-6,IEFRJ THEO 10

IF(IER.GE.3) GO TO 76 THEO 11

CALL IDESYCXK1,0,YOPlER) THEO 12

IFCIEk.ErG.3) Gu TO 80 THEO 15

TI=XJ14Y0 THEO 16

T2=Yl-XJ3 THEO 17

X=XJ1*TI#Y1T2THO t

yz-vi~YO-xji1xj0 THEO 19

tK=Ct't-tA((XPY) THEO 20

X=Ti*TlY2*T2 THEO 21

CK=CK/X THEO 22

GO TO 61 THEO 23

GO TO 61. THEO 25

78 OKIdTE(6,1002) IER THEO 26

Go To di THEO 27

79 HRIT4Lb1i003) IER THEO 28

Go TU di THEO 29 '
80 .RITE(6,100.) IER THEO 30

81 rnE7UrN THEO 31

cN 0 THEO 32
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SUa~kLUTI.AE tXCITXK3pXK1,CKqEXLjEXM)ECI

GOVPLZX AKTlT2,T3,T4,LXL, X, EXCIT I

100± Fu.d15T (4 JO IE tt=,I 2) 
EXC IT

1002 FOkMtAT(* i I IEq=* v 12 
EXCIT 5

100 3 FUnfil-T ( J2 1Ek=4,I12) 
EXCIT 6

1004 VrFlsm..1C0 J3 IER",vI2) 
EXCIT 7

IF (XK3) 2, i,3 
iXCIT 8

2 IS IGF= 0 EXCIT 19

6,U TO 4 EXCIT 11

3 IS IGN. I EXC IT 12

4 XK3 ABSU(3) 0,Jj.-qE)EXCIT 13

CALL IE~zJ.AK3, OXi, .- IE)EXCIT 13

IFI~G..~ Go TO 77 EXCIT 1'.

CALL I5=3j(xK3,1,XJ1,1.E6sIER) 
ECT 1

IF(IER.uE.3) GO TO 78 
EXCIT 16

L.ALL IdESJ(XK392pXJ2,1.E-b,ER) 
EXCIT 17

IFC16R.G..3) Gu TO 79 
EXCIT 18

iF~iEiR.OE.3) GO TO 60 
EXCIT 20

5 XJ1=-XJ1 
EXCIT 11

Xj3=-XJ3 
FXGIT 73

XK3=-XK3 
EXCIT Z4

6 rI=z(TPLXCXJO,-XJL) 
rXulT I

T2z~TIC 
EXCIT

k1=0.5#XKI*(XJOiXJ2) 
EXCIT !

T/T 3-2F (, 1 
EXCIT 33

EXL=724T.3 
EXt'1T

TI=XJO*C< 
EXCIT .30

T2=XjlAL1.-tK) 
EXCIT 31

V=CMP'LX(0. ,l.) 
EXCIT 32

12=V*T? EXCIT 3

T3 =L veLX (k I , C .)ECT
14 zC MPL X (MJ&,L1. 

EXCIT 36

E X v= 1 * 12 - T 3 7 
CXCIT

GO TO alEe 
T 3

77 WKITL ( 61 1000) iEPR 
AC 1T 1

GoT 1e 
EXCIT .4,

?o WKITE16,1JO2) IER 
EXICIT 1.1

Gu TO dl 
EXCIT ;

73 lmT,(q 035) ERaXCIT 
(.3

GO TO dl 
EXCIT 1

6C .t\ITL C0,o1004) 1Er 
X I

81 k.EI ur.Ih 
EXCIT

NO 
XI L7
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C LO{j 2
C -- VERSION'4 - CDC 6700 - L 0 A D S - JUNE, 1972---------------10OD 3
C LOD 4

SUBROUTINE LOADS L00 5
COMMON AM(27),NUTNMASNOSST(25),DS(25),ELELIx(25.8).Y(25,8),PMLOD 6

1AS(27),XMAS(27),ZMAS(27hiRRG(27),X,ZGTMASEI4,vEl55,EI66,EI46,TPLOD 7
2STRF33,RM35,RM55,DGMDIPKN.TVOL.ALFA(40,11).BETA(4011) ,HDG(10)LOD 8
3,FN(5),8AMC30).CDGC10).SDG(10),OMAXOMINNFR.N'jKNO8,NOHOMEN(40)hLOD 9
4FR(796),XX(2S,7),YY(25,7),DEL(2597),SNE(25,7),C'zf ?9.7hoEN1(25,7)*LOD 10
5UN.OMEGAID,TITO(12),WORDNON,IXASTHDG1(10)eI~sCBVCMCPPNTOP LOD 11
COMMON ST1(27),YMAS(27),BEAMDRAFTDMAXIRRHI'IEND,IBILGEIPRES. LOD 12

2VNYGRAVAMODL,MODAKEELL,BEAMKLITS(25) ,RD(?S, .RFO)(2S, .ELTAD(25)LOD 13
2,RKD(2S3,SDC25),COSPHD(25),PHID(25),STPR(25),HmDtcO) LOD 14
COMMON NWSTPINWSTP(12) LOD 15
COMMON /TEMP/ PDFR(6,25),PDFI(6,25),RMO(6.30),AIM)i6.30), LOD 16

2 DA1(11),DB1(11),PEXR(6925)PEXI(625)DAS(1023,OfHS(10,26), 100 17
2 TDAC696),TDB(696),5RF33(273,5RM35(27),SRM55(27'S(44(27), 100 18
2 PAV(25,7,6),PAA(2597,6),DA(6.6)90B(6,6),TEV(6,6).REV(6.1), LOD 19

2 TOD(6,6),BOD(6,1),INDEX(6,3).ARI(42),AR2(42).ATl142)tAT2(42). LOD 20
2 VD(25),SBKD(27),EDDY(27),RGB(27),PRERE(8,I4h9PREiM(8.14), LOD 21
2 FZRSGC25),BVRSG(25),RVISG(25),FZISG(25),FYRSG(25),FYISG(25), LOD 22

2 TMRSG(2S),TMISG(2S),BLRSG(25),BLISG(25).RHMD(50),WE(30)9ZN(30), LOD 23
2 XL1L-MD(30),IHMD(50),WAVAMP(30),DUM4(76) L00 24
COMMON /TPIP/ FACTtJJDMI1(5) ,LLtGXI LOD 25
COMP40N /TMP3/ RLO(5,30,25),AIIO(S,30,25),STATN(24) 100 26

C LOD 27
C AFTER FIRST CALCUI ATING THE ADDED-MASS AND DAMPING FOR EACH SECTIONLOD 28

C THE SHEARING FORCES AND BENDING AND TORSIONAL MOM4ENTS ARE DETERMINELOD 29

C LOD 30
DO 16 K-19NOS LOD 31

DIP=ST (K)-TPST 100 32
00 54 lx1,NON LOD 33
FR(I,1)mENI (K.I) 100 34

FRCI,2)=-SNE(Kol) LOD 35

FR(193)=CSE(KeI) LOD 36

FR(I ,4)IXX(KI)*CSE(KI)-YY(KI)OFR( 1,2) LOD 37
FR (1,5) -DIP*FR (193) LOD 38
FR (1,6) DIPOFR (I 2) LOD 39

54 CONTINUE 100 40

DO 55 La<.1,10 100 41
GO TO(613t613,b13,6l3.613,613,614,61S,6169617),LK 100 4'

613 CONTINUE L0D 43

LmLK LOD 44
P4.1K 100 45

GO TO 618 100 46

614 CONTINUE 100 47

1-5 100 48

M=.3 100 49
GO TO 618 L00 50

615 CONTINUE LOD 51

L-2 100 52
P4=6 100 53

GO TO 618 L00 54

616 CONTINUE LOD 55
1-2 L00 56
P4.4 100 57

GO TO 618 100 58

617 CONTINUE 100 59
L=6 100 60
P4.4 LOD 61

618 CONTINUE 100 62
OAOS(LKK)*.. 100 63
DODS(LKtK)=0.0 100 64

00 619 Jw1.NON 100 65
DADS(LKK)xDADS(LKK) ,DEL(KJ)OFR(JL)PAA(KJP4) 100 66
DODS(LKK)=DDDS(LKK) .OEL(KJ)OFR(JL)OPAV(KJM) L00 67
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619 CONTINUE LOD 68
DADS(LKvK) u?.O*DAOS(LKvK)*DS(K) LOD 69
DDDS(LKvK) u2.O*DODS(LK*K) @05(K) LOo 7s

55 CONTINUE LOD 71
DO 620 1.1.10 L00 72
DADS (L*K) uDADS (L.() /TVO1/UN 100 73
BDS(1,K)-oDS(1,K)/TvOL./SORT(UN)*SORT(2.) 100 74

620 CONTINUE L00 7S
DO 621 1.4.10 L00 76
DADS (L9K)uDADS(LsK) 00.S*0.5 100 77
000S(1.K) UODDS(LtK) @0.500.5 LOD 78

621 CONTINUE 100 79

00 622 L*7.9 100 80
DADS (L#K) .OADS(1.K)*2. 100 81
DDOS(L@K).ODOS(L*K)02. 100 52

622 CONTINUE 1O0 83
16 CONTINUE LOD 84

C 100 85
C THE POSSIBILITY THAT THERE MAY BE MASS FORWARD OF THE F.P. IS NOW 100 86
C ACCOUNTED FOR. 100 87
C 100 88

NOSIzNOS+. LO10 89 -
OA(2.2)xPMAS(NOS1) /TMAS*(-GXIO*2) 100 90
DA (2.4) -ZMAS (NOSI )/ELIOPMAS (NOSI) ,TMAS.(-GXI*02) 100 91
DA (2.6) 'XMAS (NOSiI *DA (292)/ELL 100 92
DA(393)=0A(292) 100 93
DA (3.5) -DA (296) 100 94
DA(492)zDA(294) 100 95
ZO2Z'AS(NOS1I **2 100 96
0A(494)=PMAS(NOSI)/TMAS*(ZD2.RRG(N0S1)'02)/ELL/ELL0(-Gxl'.2) 100 97
OA(4.6) zXMAS(NOSI I/ELI*DA(4.2) 100 98
DA(692)2DA (2.6) L00 99
DA (6 .4) OA (4 6) 100 100
DA(6,6)z (PMAS(NOSI )/TMAS.(XMAS(NOSI )/ELL)0 2V(-GXI*02) 100 101
DA(6,6)=DA(6.6).PMAS(NS)/TMAS(YMAS(N0SI)/EL)0920-GXI02) 100 102
DA(593)=0A(lv5) 100 103
OA(5,5)=PMASCNOS1 )/TMASO (Z02.XMAS(NOSI)*02)/ELL/EIL*(-GXI*02) 100 104
FYR=-0A(2,?) *BEV(1 ,1)-OA(294)*BEV(2,1)-DA(296)*BEV(391) LOU 105
F'rI=-OA(2,2) 'FEV(491 )-DA(294 'BEV(5,1)-0A(296)*BEV(691) 100 106
FZP=-DA(3,3).)80D(291)-DA(395)*BO0(391) 100 107

BLR=-DA(69?) *8EV(1 91)-DA(694)'BEV(2,1)-DA(6,6)*BEV(391) 100 109
BLI=-0A(6,?) REV(491 )-DA(694)'BEV(59l)-DA(6t6)*BEV(6,l) 100 110
0A(591)=(ZMAS(N0SI)/ELLOPMAS(N0SI)/TMAS).(-GXI*02) 100 III
RVR:-DA(5,3) 'ROD(2,1)-OA(S.S)*BOD(391)-OA(S,1)R00D(1,1) 100 112
8vI=-l)A(5,3) *800(5 1 )-DA(SS)*B0D(691)-DA(5,1)*BO0(491) 100 113
TMP=-DA(4,?)08EV(1 91)-DA(4,4)*BEV(291)-DA(4,6)*BEV(3,1) 100 114

*TM1=-DAc4,2) *BEV(491I)-DA(494)*BEV(591)-0A(4,6)*BEV(6,1) L00 IIS
NOSM1=N0S-l 100 116
N0S2=NOS.2 100 117
00 53 K=1,NOSMI 100 118
PRF33=SRF33 (K) 100 119
PRM35=SRM35 (K) LOD 120
PRM5S=SRM55 (K) 100 121
PC44=SC44 (K) 100 122
0A(2,2)= CDAOS(2,K) .PMAS(K)/TMAS)0(-GXI*'2) LOD 123
DB(2v2)=ODDS(2tK) 'GXI 100 124
DA(294)=(-ZMAS(K)/ELLOPMAS(K)/TMAS.OADS(9,K) )'(-GXI'*2) 100 125
DB(294)=0DDS(99K) *GXI 100 126
OA(296)=(OADS(8,K) .XMAS(K)/ELL*P?4AS(K)/TMAS-FN(JJ)/GXI4020000S(2,KLOD 127

1)) *(-GXIO*2) L00 128
DB(296)=(DDDS(8,K).FN(JJ)00ADS(2,K))OGXI L00 129
0A(393)=(0A0S(3.K) +PMAS(K)/TMAS)*(-GXI*02) 100 130
0B(393)=00DS(39K) OGXI 100 131
OA(395)z (OAOS(7,K)-XMAS(K)/ELL*PMAS(K)/TMAS+FN(JJ)/GX1*020000S(3,KLOD 132
1) )*(-GXI*2) 100 133
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DB1395)=(DDDS(79K)-FN(jj)urDADS(39K))*GXI LOD 134.
DA(492)u(-ZMAS(K)/ELLePMAS(K)TMqAS.OADS(9,K) )*(-GXI**2) LOD 135
08(4.2)3,DDDS(9.K1 *GXI LOD 136
ZD2xZA4AS (K)0*2 LOD 137
DA(494)z(PMAS(K)/TP4ASe(ZD2.RRO(K)..2)/ELLELLOADS(,K) )*(-GXI**2)LOD 138
08(4.4) =DDDS(4*K? OGXI LOD 139I
DB(4.4)=D8(4.4) .VD(K)*GXI'S8KD(K).GXI LOD 140
DA(4.6) u(-PMAS(K)/TMA.S.ZMAS (K)/ELL.XMAS (K)/ELL.DADS (10,K)-FN(JJ)/GLOD 141
IXI*02*ODDS(9,K) )*(-GXIO*2) LOD 142
DB(4.6V=(000S(10,K).FN(JJ).0ADS(9,K))*GXI LOD 143
DA(4,4)ZDA(4'.) PI4AS(K)/TMAS*(..ZIAS(K)/ELL) LOD 144
DA(6.2Vx(XMAS(K)/ELLePMAS(K)/TMAS.DADS(8,K, .FN(JJ)/GXI..2.ODDS(2.KLOD 145

1)1*(-GXIO*2) LOD 146
D8(692)z(DDDS(8,K)-FN(jj)eoADS(2,K)).GXI LOD 147
DA(6.4).C-PMAS(K)/T4AS.ZMAS(K)/ELLaXMAS(K)ELL*r1AoSc10,K) .FN(JJ)/GLOD 148

1XIO*2*ODDS(9tK) )*(-GXT**2) LOD 149
D8(6.4)uCDDDS(10,K)-FN(JJ).OADS(9,Kfl.GXI LOD 150
DA(696)-(PMAS(K)/TM4AS*(XIAS(K)/ELL)0e2.DAOS(6,K).cFN(JJ)/GXI)0.2.oLOD 151

1ADS(2,K) )*(-GX(I**2) LOD 152
DA(6,6)=DA(696) .PMAS(K)/TMASe(YMAS(K)/ELU..02.(-GXI..2) LOD 153
DB(696V)C0D0S(6,K).(FNcJJ),'GXI)..2.OoDS(2,K))*GXI LOD 154
DA(5,1)z(ZMAS(K)/ELL.PMAS(K)/TMAS).(-GXx..2) LOD 155
DA(593)2(DADS(7,K)-XMAS(K)/ELL.PMAS(K)/TMAS-FN(JJ) /GXI**20000S(3,KLOD 156

1)) *(-GXI**2) LOD 157
08(S,3)=(DDDS(7,K).FN(JJ,.DAOS,(3.K)).GXI LOD 158
DA(5.5)=(PMAS(K)/TMASCZD2XM4AS(K)e.2)/ELLELL-nADS5K)(FN(cJj)/GLOD 159
1XI)**2*OADS(39KI).(-GXl..?) LOD 160
DB(S.5)z(DDDS5,K.*FN(J)GX1)..2.DDDS(3,K))GXI LOD 161
T0A(2,2)x(-FNCJJ)/GXI*e2,'DS(K).(DDS(2,K).DDDSc2.K,1)fl*c-GXJ*e2) LOD 162
TDB(2,2)=(FN(JJ)/DS(K).(DADS(2,K,.DADS(2.K.,I )'GXI LOD 163
TDA(294)-(-FN(JJ)/GXIee2/DS(K)e(DDDS(9,K).DDD5(9,K.1) ))*(-GXI**2 LOD 164
TDB(2.4)x(FN(JJ)/OS(K).(DADS(9,K),DADS(9,K,1))).GXI LOD 165
TDAC2,6)m(-FN(JJ)/GXIe.2/DS(K).cDDDS(8,K).DD~S(8,K.1,)-(FN(JJ)/GXILOD 166
S)0*2/D)S(K).(OADS(2,K) +DADS(2,K.1)))'(-GX1*'2) LOD 167
TD8(2.6)-(FN(JJ)/D5(K).(DAi)S(8,K).DADS(RK.1))-(FN(JJ)/GXT)..2/DS(LOD 168
IK)*(DDDS(2.K)4000S(2,K.1)n.*GXI LOD 169
TDA(492)zTDA (2,4) LOD 170
TOB (4,2) '-TD8(2.4) LOD 171
TDA(4,4)h(-FN(JJ)/GXIO.2/DS(K,.CDDDS(4,K,.ODDS(4,K,1),)(-GX1**2) LOD 172
TDBC494h=(FN(JJ)/DS(K).(DADS(4.K).DADSC4,K.1)1)'OGXI LOD 173
TDAC4,6)=(-FN(JJ),GXI..2/DSCK).(DDDS(10,K).DDDS(10,K.1) )-(FN(jj)/GLOD 174
1XI)**2/OS(K)O(0ADs(9,K,.DA0S(9tK.1))).c-GXI..2, LOD 175
TD8(496)z(FN(Jj)!D5(K)*(DADS(10,K).DADS(10,K.1) )-(FN(JJ)/GXI)*.2/OLOD 176
IS(K)*(DfD5S(9,K).DDDS%9,K.1))lGXI LOD 177
TDA(692)=(-FN(JJ)/GXI'.2/0S(K)*(DDDS(8,K)4DD(8K1) ) )(-GXI**2) LOD 178
TDB(692)-CFN(JJ)/DS(K).(DADS(8,K)*DAOS(8,K.1)I )'GXI LOD 179
TDA(6,4)2C-FN(JJ)/GXI'.2/D5(K).(DDDS(l0.K).D0DS(10,K.1) I).(-GXI**2LOD 180

1) LOD 181
TDB(694)2(FN(JJ)/DS(K)*(DADSCI0,K).DADS(10,K.1)) )*GXI LOD 182
TDA(6.6)mC-FN(JJ)/GXI..?/DS(K).(DDDSC6,K) 4000S(6,K41) )-(FN(JJ)/GXILOD 183
1)*02/DS(K)*(DADS(8,K).DADS(B.K.1)))*(-GXI..2) LOD 184
TDB(696)-(FN(jj)/DS(K)4(DAOS(6.K)4DADS(6,) )-(FNCJJ)/GXI)**2/flS(LOD 185
IK)*(DDDS(BK)4DD05C8,K.II)))*GXI .)D 186
TDA(393Ix(-FN(JJ)/GXI'e2/nS(K)*(DDDS(3,K)4DD~S(3K1I ) )*(-GXI'**c Lvo 187
T0F(3,3)=(F$(JJ)/DSK)*(OADS(3,K)+DADS(3,K.1)) )*GXI LOD 188

T0A(593)mC-FN(JJI/GXI*.?/DS(K).(DDDS(7,K) .DOOS(7,K1) ) )*(-GXI'*2) LOD 189I
TDB(5,3)u(FN(JJ)/DS(K)e(DAD';(7,K) .DADS(7,K.1)) )OGXI LOD 190
TOA(3,'3.TnA(5.3I .(FN(JJ)/GXI)**2/0S(K)*(DADS(3,K).DADS(3.K.1I )*(-LOD 191

1GXI*02) LOD 192
TDB(395)=TDBSJ3)-(FN(JJ)/GXI)..2/DS(K.ODDDS(3K)DDDS(3.K1I )*GXLOD 193I

11 LOD 194
TDAC59,)u(-FN(JJ)/GXI*e2/DS(K)o(DDDS(5.K),DDDS(5,K41) I*(FN(JJ)/GXILOD 195

1)0*2/DS(K)'(DADS(7,K) +OADS(7,K.1) I)*(-GXI'*2) LOD 196
TDB(5,5)-(FN(JJ)/DS(K).CDADS('9.KI.DADS(5,K.1)).CFN(JJ)/GXI)'.2/DS(LOD 197
IK)*(DDD5(7.K)+DDDS(7,K.1)))*GXI LOD 198
DVM=PEXP(5.K)-DA(5.1)OROD(1 91 )-DA(593)*B0D(291)-DA(55)*FIOD(391)-DLOD 199
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19 (t) 3) *Boo s 9 ) -ns *13d00(6 t I) LOD 200
AIVMaPEXI (5.K) .0RS.3)eR00(2,I).0R(5,5).H00(3,1)-A5I)R0(.1)-0OO 201
10A(5,3)*800CSII-nA(5,Sh)R00(AI1) 100 20?

'TMxPEXR(4,K)-I)A(4,2)*RFV(Il ,)-0)A(4,4)OREV(2,l)-OA(A,6)OPEV(31).DLOO 203
18(4,?)OREV(4.I )-0R(494)*8EV(5fl)-OR(4,6)*BEV(691 LOD10 20'.4
AITM=PEXI (4@K) .I)R',2)REVI ,1).0R(4.4)*BEV(2,1).0R(4,6)*REVUI1)-L00 205
IOA(492)08EV(4,) )-0A(4.4)*RFV(;, I)-OA(4,6)8BEv(6,I) LO0 206
PLM1PEXP(6.K)-DA(6s2).REV(l.1)-DA(6,'.)REV(291)-0A(6,6)'BEV(3,I 1-OLOD 207
IR(6,2)*R3EV(4, I)-0F(6,4)0ffVCS.1)-08(6.6)*REV(691) 100 20M
AILM2PEXI (6.K) .0R(b,2) EV(I,1).OR(694)*BrV(2.1).0c6.6)*REV(391)-L00 209

I0)A(6.2)OBEV(4.1))-OA(694)*8EV(SI )-OA(6,6)*BEV(6,1) L00 210
RFYIPEXP(2,K)-DA(292)08EV() ,1)-OA(2,4)RBEV(2,1)-OA(2,6)8BEV(391)-OLOO 2))1
18(292)"9EV(4,) )-OR(2,4)8REV(5,I)-0A(2.b) 'HEV(6, I) L00 ?12

IOA(2,2)*)3EV(4, I)-DA(2.4).REv(S,))-0A(2,6)8REV(6,fl 100 214.

PFZ=PEXP(3,K)-0)A~l3,3 *H0(?,I) -0A(3.5)R00f(391 )-08(3.3)0R00(5,1)-0L00 ?15
1R(3v5S-79O(6s1) L00 216
AIFZxPEXI (3,K).0H(3,3)80(2,).R(35)BD(39)-0A(39)80(5I)-L00 217
IOA(39S) *80)(6*1 LOD10 218

FYR=FYQ#PFY 100 219
YI=FYI.AIFY LO0 220j

FZR=FZP#PFZ 100 221

FZI=FZl AIFZ L00 222
R1R=8LR#RLm 100 223

8112811 .AILH L00 224

8VI=93vI AIVM 1O0 226
ITMP=TH4P.PTM 100 ?27
Tk412TM1.AI T4 100 228

EVRTfl(DF)(;s,1-)F(.51)/?00(5) 10021-CAC9500(3i 230

EVI=(PDFI CqK).P0F1(5,..1))/2.T8(31800(21))T08(5t5)0800(3*1)oO 231
I-TOA(5,3)O800(5),1)-T0A4(5,c,)0800(691) 1OD ?32

ETR2CPOFO(4,K) .0pFR(4,KI)f/2.-TOA(492)RBEV(1,1)-T0A(4.4)BFfV(2,I)LOO 233
)-T0A(4.6)*PEV(3J.) )TD8(4,?).RFV 491)-T0)8(494)AREV(5,I1)-T08(496)*REL00 234

?V(69 1) 100 235

ETI=(POFI (4,K.*PDFI (4,)(,))/2..'DR(4t?)*HFVfl,1)*T0A(4,4)e8EV(291)LO0 236
I.T06(4,6)*PEV(3,1I)-TOA(4,2)*8FV.4,1 )-T0A (4,4)*8EV(5,I )-T0A(4,6.RELOO 237

2V(6. 1) 100 ?38

ELP=(P:)FRCAK) .PiFR(6',K.I) )/Z.-TDA(6,2).8EV(1,1)-r0A(6,4l.8EV(2.I)L0D 239
I-TOA(6,6)E3EV(3.I )-TD)R(692)BFV!491) )TOB(6,4).REV(S,1).T08(6,6)8BELo0) 240

2V(691) 100 241

ELI=(POFI (6,K),P0F1(b,K.I)),2.TOA(b')8BEV(1,1).rOR(694?*BEV(291)L00 ?42
1 .T0B%6,6) *'EV(3,1I)-TOA(,2)*BEV(491I)-TOA(694)*BEV(5. I)-TOA(6.6) 'RELOO 243

?V(69 1) 10D 244

EYP=(PT)FP(21K) .PDFR(2,K.l) )/2.-TDA(2#2)*BEV(Itl)-TDA(294)68EV(2,I)LOD 245
I-TDA(2,6)'8EV(3'i )-TORI(?,?)F3EV(491I)-I08(24IBEV(5,1)-T08(?96)08ELO0 246

2V(6, 1) 100 ?47

1.TDB(2,6)'8EV(391 )-T0A(?,2)o8EV(4,1)-r0A(2,4)e8EV(5,1)-T0A(2,6)REFL00 249

2V(69 1) 100 250

EZR2(POFP(3,K) .PDFP(3,K. ) ),2.-T0A(3,3))O(2,1)-T0A(3,5)0800(39)Lp10 251
I-T08(3,3)"'00(5,I)-T0

8 (395SIROO( 6'I) 100 252

EZI=U'DFI (3,K) .POFl(3,K+l) )/2.,T08I(3,3)*B00(2,1)4106 ,95)0800(3#1)LO 253
1-TDA(393).A00(5,I)-T0A(395)*80D(6.1) LOD 254

FYPS=FYP.EYP 130 255

FYISxFY I EYI 100 256
FZRS=FZR*EZP-PPF3)80fl(2.1)-PQM35*ROOI

3 91) 100 257

TMRS:TMP.ETP 100 259
TMIS=I+2~ETI 100 260

TMPS=IP4PS-PC448WV(2. I) 100 261

TMS=T4I-PC440HEV (5t) 100 262

81PS.ARR1FP-(5T(K)-TPSr40.c;0S(K) )*0.5*FYR5 100 263

RLIS=F3IIELI-(ST(K)-PSTO0.50S5(K) )'0.5SFYS 100 264

8RS=8RREVP4(T(K)-TP54.~0e(K))0.5OFZRS 100 265I
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fVIS=BVI.EVI.(ST(K)-TPST.O.SoDS(KfleO.5.pZIS LOD 266
3VRSu8VRS-PRM35*S00(2 1 )-PRM45SO!00(321) 100 267
UVIS.BVIS-PRM35*00 D(591)-PRMSSOIOD(691) LOD 268
FAC=TVOL/e .*ELL/8EAM LOD 269
FYRS=FYRS*FAC LOD 270
FYIS=FYIS*FAC L00 271
FZRSuFZRSOFAC L00 272
FZISuFZIS*FAC LOD 273
TMRS=TMRS*FAC L00 2T4
TMIS=TI4IS*FAC LCD 275
BLRSxBLRSOFAC 100 276
B1TS=BLIS*FAC L00 277
BVRSuBVRS*FAC 100 278
BVISxBVISOFAC 100 279
FYRSO (K) -FYRS LOD 280
FYISG(K)xFYIS 100 281
TMRSG (K) ZTMRS 100 282
TMISG(K)*TMIS 10D 283
BLRSG (K) -BLRS LOD 284
BLISG(K)nBLIS 100 285
FZRSG (K) uFZRS 100 286
FZISG(K;=FZIS LOD 287j
BVRSG (K) SBVRS 100 288
BVISG(K)uBVIS LOD 289

AILO(19L1,K) v FYI5 LOD 291

PLO (29L~iK) m FZRS LOD 292
AILO(29LL#K) a FZIS LOD 293
PLO (3vLL9K) -TMPS LOD 294
ATLO(1.LL.K) -TMIS 100 295
PLO (4.LL*K) MBVPS LOD 296
AILO(4.LLK) NBVIS LOD 297
PLO (SLLK) N8LPS LOD 298
AILO(9.LLK) -8LIS LOD 299
STATN(K) = STI(K*1) + 0.g*fls(K*1)*1O. 100 300

53 CONTINUE LOD 301
RETUON 100 302
END 100 303

C EFM 2
C -- VERSION 4 - CDC 6700 - E X C F M- JUNE, 1972--------------- EFM 3
C EFM 4

SUBROUTINE FXCFM EFM 5
COMMON 0H1(1496),FN(5),BAM(3))DM3(23),NOK.0M4(1137).TITO(12,9 EFM 6

2 0MS(16)tPPNTOP*DM6(356) EFM 7
INTEGER PPNTOPH EFM 8
COMMON /TFmP/ DM7(4784)tZN(30),DM8(186) EFM 9
COMMON /TMPI/ FACTJJvHDIGItVKNOTS90M9(5) EFM 10
COMMON /TMP5/ BDV(30.6t2) EFm 11
DATA MIN /3HMIN/ EFM 12
BACKSPACE I :-FM 13
CALL SEPAPT (1) EFM 14

L x0 EFM 15
N = EFM 16
IF (BAM(I) .LE. BAM(NOK)) L - 40K *I EFM 17
IF (BAM(I) .LE. BAM(NOK)) N a - I EFM 18
DO 5614 JH-192 EFM 19

IF (JH .EQ. 1) H - 1 EFM 20
IF (JH .EQ. ?) H a 6 EFM 21
IF (H .Ea. 6 .AND. VRNTOP .EQ. MIN) GO TO 5614 EFM 22
WPITC (H.S,'0P) IITO*HDIG1,VKNOTSqFN(JJ) EFM 23

2///17xtqHHFAOING *,FS.094H DEG97X#12HSHIP SPEED *,F6.296H KNOTS/ EFM 25
2 1SX9ISH(HEAO SEASm18O)*9X,1SHFROUDE NUMBER -tF7.4) EFH 26

C -- PRINT EXCITING FORCES AND MOMENTS---------------------------------- EFM 27
WRITE (HoS610) EFM 28

5610 FORMAT (,,47X.13HNONDIME14SIONAL TRANSFER FUNCTIONS// EFM 29
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Z 16X913HSUROE FORCE /tSXlZHSWAY FORCE /o7x,13HMfAVE FORCE /,7X, EFM 30
2 13HROLL MOMENT /,6XtI4HPITCH M4MNT /tOX912HYAW MOWNT /9/7Xt EFM 31
2 3(13X7HMaGsR/L),3(13XSHMOOeR2X),/SX.6HW(NO)t EFM 32
2 6(20H APL. RATIO PHASE)/|IX,6(I6X,4JHDOE )/) EFM 33

K a L EFM 34
DO 5612 LL=INOK (FM 35
K a K * N EFM 34
IF (JH .EO. 2) GO TO 5604 EFM 37

C ---- COMPUTE AMPLITUDE AND PHASE-------------------------------------- EFM 38
00 5600 I1w.6 EFM 39
RL a RDV(KI,1) EFM 40
Al - BOV(Ki,2) EFM 41
BDV(KI,l) a SORT(RL*62 * AI*02) EFm 42

5600 BDV(K,I,?) - ATAN2D(AI.RL) EFM 43
5604 CONTINUE EFm 44

WRITE (H,5611) ZN(K),((BDV(KIJ),J.1t2)t10I,6) EFM 45
S611 FORMAT (4xF7.396(lPE13.4.0PF7.1)) EFM 46
5612 CONTINUE EF 47

5614 CONTINUE EFm 48
CALL SEPAPT (2) EFM 49
RETURN EFM SO
ENO EFM 51

C MTO 2
C ---- VERSION 4 - COC 6700 - M 0 T 0 U T - JUNE, 1972 ------------ MTO 3
C MTO 4

SUBROUTINE MOTOUT MTO 5
C --- MOTION OuTP9T rUAOITINE ------------------------------------------ MTO 6

C ---- MOTIONS APE St;PGE (Xl), SWAY (X2), HEAVE (X2)9 ROLL (X4)9 --------- MTO 7
C --- PITCH (X5), YAW (X6) ---------------------------------------------- MTO 8

INTEGER PONTOPH MTO 9
COMMON OM1(R1,,ELLO?(1414),FN(5),BAM(30),DM3(23),NOKDM4(1137),MTO 10

2 TITO(12),WOOD.DM5(I5),PRNTOPOM6%344),INWSTP(12) MTO 11
COMMON /TFUP/ DJ7300),RMO(6,30)tAIMO(6t30)tDM8(4094),WE(30), MTO 12

2 ZN(30),XLILmn(30),90m(50),WAVAMP(30),DMO(76) MTO 13
COMMON /TMPl/ FACTJJHDIG1,VKNOTSWSLOPEWSTPIWSTPtDMA(2) MTO 14
COMMON /TMP2/ SHM(30,,2) MTO is
DATA MIN /3HMIN/ MTO 16

DO 10 ImlNOK MTO 17
WVLNTW - nAM(1ELL MTO 18

C --- TERMI SCALES NONDIMENSIONAL DISPLACEMENTS BY- MTO 19
C WAVAMP MTO 20

TERMI - WAVAMP(1) NTO 21
C --- TERM2 SCALES NONDIKENSIONAL ANOLES BY- MTO 22
C WAVAMP - 57.3 / WVLNTH MTO 23

TERM2 w TEPMIFACT/WVLNTH MTO 24
DO 10 J-16 MTO 25

C --- COMPUTE SINGLE AMPLITUDES ----------------------------------------- MTO 26
TERM = TERMI MTO 27

IF (J .GT. 3) TERM a TERM2 MTO 28
C --- COMPUTE PHASES ---------------------------------------------------- MTO 30

SHM(I,J,?) - ATANO(AIMO(J,I),RMO(JI)) MTO 31
10 CONTINUE MTO 32

L a 0 MTO 33
N - I MTO 34
IF (BAM(1) .LE. 8AM(NOK)) L a NOK 4 I MTO 3S
IF (RAM(1) .LE. RAM(NOK)) N v - I MTO 36
BACKSPACE I MTO 37
CALL SFPAPT (1) MTO 38

D0 35 JHuI,2 MTO 39
IF (JH .EQ. 1) H - I MTO 40

IF (JH .EO. ?) H - 6 MTO 41

IF (H .EO. 6 .AND. PRNTOP .EO. MIN) GO TO 35 MTO 42
WRITE (H,1000) TITOtHDIGIVKNOTStWSLOPEtFN(JJ),INWSTP(IWSTP) MTO 43

C --- PRINT SINGLE AMPLITUDE3 ------------------------------------------- MTO 44

WRITE (H,1010) (WORD,1-1,4) MTO 45
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K a L MTO 46
00 15 LLwINOK MTO 47
K a K 4 N MTO 48
WRITE ()4.1020) WE(K),XL1LMO(K).8AP4(K),ZN(K).WAVAMP(K), MTO 49

2(SHM(K.I .1) .0196) 34T0 50
15 CONTINUE MTO 51

IF (H .EO. 6) GO TO 35 MTO 52
WRITE (1.1030) MTO 53
K *L ITO 54
00 30 LL=I.NOK MTO 55
KinK *N P4TO 56
WRITE (1.1040) WE(K)s(SHM(K.I,2)tIu1,6) MTO 57

30 CONTINUE MTO se
35 CONTINUE MTO 59

CALL SEPART (2) MTO 60
IF (PRNTOP EO.. MIN) GO TO 80 MTO 61

C--PRINT RESPONSE AMPLITUDE OPERATORS---------------------------------- MTO 62
WRITE (691050) MT0 63
K 2L MTO 64
DO 50 LL=1,NOK MTO 65
K z K + N MTO 66
DO 40 1=196 MTO 67
SHM(KsI,1) in SHM(KI,1)/WAVA4P(K) MTO 68

40 SHM(KI9l) vn SHM(KvI,1)002 MTO 69

WRITE (691060) WE(K).((SHM(K.I.J),Jnl,2),I1.16) MTO 70
50 CONTINJE MTO 71

C--PRINT NONDIMENSIONAL TRANSFER FUNCTIONS----------------------------- MTO 72
WRITE (691070) MTO 73
K aL MTO 74
WSCON = ELL/360. MTO 75
DO 70 LL=l,NOK MTO 76
K =K * N MTO 77
DO 60 I1.6 MTO 78
SHM(KI,1) - SORT(SHM-(KI,1)) MTO 79
IF (I .GT. 3) SHM(Kq,,) =WSCON*SHM(KtIJ)/XLILMD(K) MTO 80

L60 CONTINUE MTO 81
WRITE (6t1060) XLILMD(K),((SHM(K,1,J),Jul,2),I1,16) MTO 82

70 CONTINUE MTO 83
80 CON T INUC MTO 84

RETURN MTO 85
1000 FOPMAT(41HISHIP MOTIONS IN REGULAR WAVES .. 12A6t15X,3H***MTO 86

2///17X.OHEADING -**FS.0.* DEG*,7X,*SHIP SPEED w*9F6.2t* KNOTS*o5XvMTO 87
?*WAVE SLOPE (360*s1HO0R/LAMRDA), KI1H#,'R, **F5.2,0 DEG*/18X, MTO 88
?*(HEAD SEASzl8O),t9X#,FROUDE NUMBER .,9F7.4,7X,.WAVE STEEPNESS (2*MT0 89
21HP*/LAM8DA) xn 1 /013) MTO 90

1010 FOR'AT(//58X,17HSINGLE AMPLITUDES, MTO 91
2//6X#* WE L/LAM LAM/L WE(ND) *MTO 92

2 *WAVE ANPL.(R) SURGE(X1) SWAY(X2) HEAVE(X3)0 MTO 93

2 OLL(X4) PITCH(Xg) YAW(X6)*, MTO 94

1020 FORMAT (5X,2F6.3,F6.2,F7.3,2X,1P7E13.4) MTO 96
1030 FORMAT (//6X**WE FSe,24X,*PHASES IN DEGREES*//) MTO 97
1040 FORMAT (4X9F7.3,6F10.3) MTO 98
1050 FORMAT (/SX,.RESPONSE AMPLITUDE OPERATORS*// MTO 99

2 I5X,14H(S(URGE / R)**2,7X,13H(SWAY /R)**2.6x.14H(HEAVE /R)**29 MTO 100
2 7X,13H(ROLL / R)**2,6Xv14H(PITCH / )**2o7X,12H(YAW / R)**2/ MTO 101
26X*. WE *9 MTO 10?
26(20H AMPL. RATIO PHASE)/7X,4HPPS ,6(20H SOUARED DEG M/ MTO 103

1060 FOR'AT(4XF7.3,6(IPE13.4,OPF7.1) ) MTO 104
1070 FORMAT (//47X,'NONDIP4ENSIONAL TRANSFER FUNCTIONS*// MTO 105

P 17X,9HS(JPGE / R912X98HSWAY / RlIX,9HHEAVE / RvI1X9 MTO 106
2 IOHROLL / KOR910X,11HPITCH / KORIOX,9HYAW / K*Rt MTO 107
2 /6X**L/LAM*96(20H AMPL. RATIO PMASE)/11X96(16X,4HDEG M/ MTO 108
END MTO 109

C LDO 2
C -- VERSION 4 -CDC 6700 -L 0 0 0 U T -JUNE# 1972 -------------LOO 3
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C LDO 4

C -U R LOAD OUTPUT SUAROUTINE -------------------------------------------- LDO 6

C --- LOADS ARE HORIZONTAL SHEAR FORCE (V2)9 VERTICAL SMEAR FORCE (VI).-LOO 7
C --- TORSIONAL MOMENT (V4). VERTICAL BENDING MOMENT (VS)s HORIZONTAL---LDO a

C --- SENDING MOMENT (V6) ----------------------------------------------- LDO 9
INTEGER PPNTOPH L0O 10
COMMON DM1 (80) ELELL.OM2(510) TMASDM3(12),TVOLOM4(890),FN(S), LOO 1

2 8AM(30),DMS(23),NOK.DM6(1137),TITO(12),WORDDM7(1S),PPNTOP. LOO 12
2 0M8(54).REAMDMq(8),GAV.DM90(280)oINWSTP(12) LDO 13
COMMON /TFNP/ OMO(4794).WE(30),ZN(30),XLILMD(30)D'4A(50), LDO 14

2 WAVAMP(30)9D'B(76) LOO 15
COMMON /TMPl/ FACTJJHOIOIVKNOTSWSLOPEWSTP.IWSTPDMC(2) LOD 16
COMMON /TMP2/ SLO(30#6.2) LOO 17
COMMON /TMP3/ RLO(5.10.25).AILO(5.30,25),STATN(24) LOD 18

COMMON /LOOPRN/ OMI0(24).WORD2.WORO39OMII(263) LDO 19
DATA MIN /3HMIN/ LOO 20

K a ISTAT LDO 21
C- P0 EQUALS SHIP MASS DIVIDED BY DISPLACED VOLUME-------------------LOD 22

RO - TMAS,(TVOL*CL**l) LOO 23
CON v POOGRAVeREAMOELL LOO 24

DO 10 IJs.NOK LDO 25
C --- TERMI SCALES NONDIMENSIONAL FORCES BY- LOD 26
C PO 0 GRAV * REAM 0 ELL - WAVAMP LDO 27

TERMI - WAVAMP(I).CON LO 28
C-.TERM? SCALES NONDIMENSIONAL MOMENTS BY- LD0 29
C PO * GRAV 0 REAM * ELL 0 ELL 0 WAVAMP LOO 30

TEPM2 a TERMIOELL L0 31
DO 10 J0,S LOD 32

C ---- COMPUTE SINGLE AMPLITUDES FOR A PARTICULAR STATION ---------------- LDO 33
TERM - TEPMI L0 34
IF (J .GT. 2? TEw - TEPM2 LOO 35
SLD(I.J.I) v TERM.S0PT(PLO(JIK)**2 * AILO(JtIK)•*2) LDO 36

C ---- COMPUTE PHASES ---------------------------------------------------- LDO 37
SLD(IJ.2) - ATAN2D(AILO(JI.K)vRLO(JtIK)) LDO 38

10 CONTINUE LO 39
L 0 LDO 40
N a I LOO 41
IF (BAMWl) .LE. BAMINOK)) I * NOK * 1 LO 2

IF (BAMMl) .LE. BAN(NOK)) N - I LDO 43
BACKSPACE I LDO 44
CALL SEPART (1) LO 45

DO 35 JH-1.2 LOD 46
IF (JH .EO. 1) H a I LOD 47
IF (JH EQ. 2) H - 6 LDO 48
IF (H .EQ. 6 .AND. PRNTOP .EQ. MIN) GO TO 35 LODO 49
WRITE (H.1000) TITO.HDIO1VKNOTSWSLOPEFN(JJ),INWSTP(IWSTP) LOO 50

C --- PRINT SINGLE AMPLITUDES------------------------------------------- LDO 51
WRITE (H91010) STATN(ISTAT),WORD,(WORD2,1-1,2).(WORD3,I-1.3) LDO 52
K a L LOD 53
O0 15 LLmI.NOK LDO 54
K v K + N LDO 55
WRITE (H.1020) WE(K),XLILMD(K),BAM(K),ZN(K)IWAVAMP(K), LOD 56

2(SLD(KtIvI)glItItS) LDO 57

15 CONTINUE LDO 58
IF (H .EQ. 6) GO TO 35 LDO 59

WRITE (1.1030) LDO 60
K w L LDO 61
O0 30 LLwI,NOK LDO 62
K a K # N LOD 63
WRITE (191040) WE(K)9(SLD(KI2),Iv1,5) LDO 64

30 CONTINUE LDO 65

CALL SEPART (2) LDO 67
IF (PRNTOP .EO. MIN) GO TO 80 LOD 68

C ---- PRINT RESPONSE AMPLITUDE OPERATORS -------------------------------- LO 69
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WRITE (691050) 100 70
K a 100D 71
DO S0 LLw1,NOK 100 72
K aK *N LO 73

DO 40 1-195 100 74
SLD(KI,1) a SLO(KIU/WAVAMP(K 100 75

40 SLD(KvItl) a SLO(KtI.1)*02 100 76
WRITE (691060) WE(K).((SLD(KtJ).J.1,2)9I11S) 100 7?

50 CONTINUE 100 78
C--PRINT NONDIMENSIONAL TRANSFER FUNCTIONS-----------------------------100O 79

WRITE (691070) 100 80
K aL 100 81
00 70 LLw1,NOK 100 82
K a K #N 100 83
D0 60 1*1,5 100 84
SLDCKolol) a SORT(SLD(KtIll/CON 100 815

IF (I .GT. 2) SLD(KoIt1) a SLD(Kglt1)/ELL- 100 86
60 CONTINUE 100 87

WRITE (691060) XLlLMO(K),((SLD(KIJ),Ju1,2),1.1,5) LOO 88
70 CONTINUE 3.0O 89

80 CONTINUE ~.O 90
RETURN DO0 91

1000 FORMAT(41HI SEA LOADS IN REGULAR WAVES q 12A6sl5x93Hf*4r.OO 92
2///17Xt*HEADING n*F5.09o OEG*,7XOSHIP SPEED O*F6.2,* KNOTS*95X#-00 93
2*WAVE SLOPE (360491H*,'R/LAMBDA), K*,1H*,*Rv -*F5.29* DEGO/18Xt D00 94
2*(HEAD SEAS-180)*e9X,'FROUDE NUMBER -49F7.497Xt0WAVE STEEPNESS (2*100 95

21H*9R/LAMBOA) a 1 /*13) 100 96
1010 FORMAT(//49X,*SINGLE AMPLITUDES (STATIONov76.291H), 100 97

2//6X9* WE 1/LAM LAM/L WE(ND) LD10 98
2 -WAVE AMPL. CR) H.SHEAR(V2) V.SHEAR(V3) T.MOM.(V4)* 100 99
2* V.MOM.(VS) H.MOM.CV6)'/7X,3HRPS,25XA6,2(7XA6),4X, 100 100
2 3(3X9A8,2X)/) LO0 101

1020 FORMAT(5X,2F6.3,F6.2,F7.3,2X, 1P7EI3.4) 100 102
1030 FORMAT (//6Xt*WE FS*,24XtODHASES IN DEGREES*//) 100 101
1040 FORMAT (4X#F7.3t6F10.3) 100 104

1050 FORMAT(//50X,28HRESPONSE AMPLITUDE OPERATORS// 100 10S
214XC(H.SHEAR / R)*92H#*9'2 (V.SHEAR / R)0s2H00#*2 (T.MOM.*LD0 106
2* / R)092H*'.02 CV.MOM. / R)*92H*09*2 (H.MOM. / )0,)H**2/LDO 107
26X** WE *, 100 108
25(20H AMPI. RATIO PHASE)/7X,4HRPS 95(20H SQUARED DEG )/) 100 109

1060 FOR~iAT(4XF7.3,6(IPE13.4,0PF7.1) ) 100 110
1070 FORMAT(//47X933HNONDIMENSIONAL TRANSFER FUNCTIONS// 100 ill

214X,0H.SHEAR / V.SHEAR / T.MOM. / LO10 112
2* V.MOM* / H.MOM. /*/I5X,2(2X,1OHRO0G'B*L*Rs8X), 100 113
23( L2HRO*G'8'L*L'R,8X) /6X.'L/LAM* 100 114

25(20H AMPL. RATIO PHASE)/I1X,5(16Xt4HOEG L/) 100 11
END 100 116

C RCT 2
C --- VERSION 4 - CDC 6700 - R C T A B L - JUNE* 1972 RCT 3
C RCT 4

SUBROUTINE RCTABL RCT 5
COMMON OMI(81),ELL,0M2(1414),FN(5),BAM(30),OM3(24),NOBNOH RCT 6

2 0M4C1150),HOGI(10),0M5(67),GRAV,0M6(229),THMO(50),NWSTP RCT 7
2 INWSTP(12) RCT 8

COMMON /TEMP/ 0M7(4844),IHMO(50),0M8(106) RCT 9
COMMON /TMP1/ FACTOMP(8) RCT 10

COMMON ,'TMP4/ HM0(5,5092)9NHF9EPS RCT 11I
WRITE (695500) RCT 12

5500 FORMAT (IH1,18X,32HROLL A4PLITUOE CONVERGENCE TABLE) RCT 13
KTH =0 RCT 14
00 5340 Iwl#NOH RCT 15
HOIGI - HOGICI) RCT 16
D0 5340 J.1,NOB RCT 17
VKNOTS -SoPT(ELL'GRAV[*FN(J)/1.689 RCT 1A
D0 5340 N1,oNWSTP RCT 19
KTH *KTH + I RCT 20
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WSTP u ./FLOAT(INWSTP(N)) ACT 21
WSLOPE a 180.*wSTP ACT 22

WRITE (6v5503) HDIGIVKNOTSFN(J),WSLOPETNWSTP(N) ACT 23
5503 FORMAT C//.OH HEADING n*F'5.Oo ACT 24

220H DEG SHIP SPEED nF6*2,25H KNOTS 7ROUDE NUMB8ER e.F7.4. ACT 25
216H WAy?' SLOPE .,F5.294M DE6*24H WAVE STEEPNESS a 1 /s13) ACT 26
ITERAT = IHP4D(KTH) ACT 27 i
00 5335 L.ITEAAT ACT 28
K aL-1I ACT 29
THERAD aHb4D(L*KTHel) ACT 30
THCRAD m HMD(L.KTH92) ACT 31
THEDEG v THFRAD*FACT ACT 32
THCDEG xTHCPAD*FACT ACT 33
THORAD a ARS(THEPAD - THCRA) ACT 34
THODEG u THOQAOOFACT ACT 35

5335 WRITE (6.5505) K#THEPAADTHEfECTHCADTHC0EGTHDPADTHDDEG ACT 36
5505 FORMAT (1?HO ITFAATION913,4XI711AOLL AMPL. EST. =#F7*4, ACT 37

26H4 AAD (*Fci.2*SH- DEG)/19Xtl7HAOLL AmPL. CAL. wF7.'.,6H RAD (ifS.2,ACT 38
25H DEG)/19x.17H DIFFFRENCE uF7.4,6H PAD (tF5.2,SH DEG)) ACT 39

5340 IF (ITERAT J0.* 5 .AN0. THDRAn .GT. EPS) WAITE (6,5510) ACT 40
5510 FORMAT (78HOJIIST CAN NOT GET POLL AMPLITUDE TO CONVERGE. FIVE ATTEACT 41

2MPTS AND FIVE FAILUPES./45H C-EST LA VIE. WILL TRY OTHER CONDITIONACT '2
ACT 42S NOW.) 4

WRITE (695513) ACT 44
5513 FORMAT (//33H ROLL AMPLITUDE ESTIMATES (RAD) a)AC 45

WRITE (6.5S15) (TH'40(I),Im1,NHF) ACT '.6

5515 FORM4AT 1AFI0.41 ACT 47
RETURN ACT '.8
E ND ACT '.9

C TAN 2
C -- VERSION 4. - CDC 6700 - T A N A K A - JUNE.9 1972-------------- TAN 3
C TAN 4.

SUBROIITINEF TANAKA (TH1M.E0OYPG8) TAN 5
C TAN 6

C PROGRAMMER- 0. FALTINSENsnNV TAN A 7

COMMON A?(27)NUTNMAS,NOSST(25),DS(25),ELELLX(25,8),YC2598),PMTAN 9
IAS(27),XMASe?7),ZMAS(?7),ARG(27),XG.ZGTMASET4'.,EI55.EI66,EI46.TPTAN 10
2STRF33,R3SRMS55,DGMDIPKNTVOLALFA(.0,11) ,BETA(40,I1) ,HOG(I0)TAN 11
3,FN4(5h8AM)O1.CflCU0).SOG~r(10),OMAXONINNFRNOKNO8,NOH.OmEN(40),TAN 12

'F.(796),Xzf?1,7),Y'(257)DEL(257),SNE(25,71,CSE(25,7).EN1(25,7),TAN 13
5UNOMEGA,.WIrITO(12),WORDNONIXASTHDGI(10),ITC8VCMCPANTOP TAN 14
COMMON STI(27),11AS(27).BEAMOAAFTDMAXIPRMLIENDI8ILGE,IPRES, TAN 15
2VNYGRAVAMODLMOOAKEELLBEAMKL.ITS(25),AD(25),RFD(25)tDELTAD(25)TAN 16
2,RKDC25),SO(25).COSPHo(25),PHID(25),STPP(25)tTHMD(50) TAN 17
COMMON NWSTP,INWSTP(12) TAN 18
DIMENSION EDDY(27),RGF3(27),F1(15),BDKG(15),GKDB(6),RFORE(6 TAN 19
I) ,8AFT (5),CAFT (5) ,XI (8) ,YI (8) TAN 20
DIMENSION A[LF2(5).F?(5) TAN 21
ALF2 (11=0.0 TAN 22
ALF2 (2) .0.0873 TAN 23
ALF2 U) =0.1745 TAN 24
ALF2 £4) .0.3491 TAN 25
ALF2 (5) 20.5?3S TAN 26
F2( 1) :1 TAN 27
DO 1 12195 TAN 28
RDKGCI)ml./(60.-1I10.) TAN 29

1 CONTINUE TAN 30
80KG(6),,1./5. TAN 31
DO 2 1=7913 TAN 32
8OKG( I)w0.S*0.5*( -7) TAN 33

2 CONTINUE TAN 34
IF(THM-O.1745) 3.394 TAN 35

3 CONTINUE TAN 36
Fl (1)=0.455 TAN 37
Fl (2120.52 TAN 38
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Fl () O.4e TAN 3v~
Fl (4)=0.35 TAN 40
Fl (5)u0.52 TAN 41
GO TO 5 TAN 42

4 CONTINUE TAN 43
IF(THM-0.2618) 6,6,7 TAN 44

6 CONTINUE TAN 4.5

FAC. (THP4-0. 1745)/ (0.2618-0.1745) TAN 46
Fl (1)=(O.32-0.4S5)*FAC.O.455 TAN 47

Fl (2)=(O.34-O.52)*FAC*0.52 TAN 48
Fl (3)=(O.29-0.42)*FAC*O.42 TAN 49

Fl (4)m(0.31-0.35)*FAC*0.3S TAN 50
71 (5)w(O.48-0.52)*FAC+0.52 TAN 51
GO TO 5 TAN 52

7 CONTINUE TAN 5)
IF(THM-O.3491) 8999 TAN 54

8 CONTINUE TAN 55
FACx(THM-0.2618)/(0.3491-0.2618) TAN 56

71 (1)w(O.25-0.32)*FAC+0.32 TAN 57
Fl (2)z(0.25-O.34)*FAC*0.34 TAN 58
71 (3)=(O.22-0.29)*FAC#0.29 TAN 59
71 (4)x(O.28-O.31)*FAC+0.31 TAN 60
71 (5)=C0.45-O.48)*FAC4O.48 TAN 61
GO TO 5 TAN 62

9 CONTINUE TAN 63
Fl (1)=0.25 TAN 64

F1(2)m0.25 TAN 65
71 (3)=0.22 TAN 66
71(4)20.28 TAN 67
71 (51=0.45 TAN 68

5 CONTINUE TAN 69
71 (6)20.63 TAN 70
F1(7)0.6) TAN 71

71(8)=0.59 TAN 72
Fl (9)20.53 TAN 73
71(10)*0.4 TAN 74

71 (ll)*O.35 TAN 75
71 (12)20.32 TAN 76
71 (131=0.3 TAN 77
IF(TH'4-0.0873) 10910.11 TAN 78

10 CONTINUE TAN 79
AEX=10.6 TAN p0

GO TO 12 TAN A1
11 CONTINUE TAN 82

IF(THM-0.1745) 13,13914 TAN 83

13 CONTINUE TAN 84

AEX=(7.66-10.6)/(0.174-0.0873)V(THM-0.0873) .10.6 TAN 85

GO TO 12 TAN 86
14 CONTINUE TAN 87

IF(THM-0.2618) 15.15916 TAN 88
15 CONTINUE TAN 89

AEX= (6.34-7.66) /(0.2618-0. 1745) *(THM-0. 1745) .7.66 TAN 90

GO TO 12 TAN 91

16 CONTINUE TAN 92
AEX=(5.28-6.34)/(0.3491-0.2618)2(THM-0.2618) .6.34 TAN 93

12 CONTINUE TAN 94

GKO8(1)nI.2 TAN 95

GKOBC2)ul.4 TAN 96

GK08C3)nl.6 TAN 97

GKOB(4)ul.8 TAN 98
GKOB(5)n2.0 TAN 99

GKDB(6)u2.05 TAN 100
RFORE (1)w1 *0 TAN 101

RFORE(2)=0.6 TAN 102

RFORE (3) uO.34 TAN 103

PFORE(4)uO.15 TAN 10~.

108



RFORE (53.0.0' TAN 105
RFORE(63u0.O TAN 106
@AFT(1)s1.0 TAN 107
RAFT (23.1.25 TAN 106
*AFT(3)=1.S TAN 109
BAFT(43u2.0 TAN 110
RAFT(S)*2.25 TAN III

CAFT (1 30.22 TAN 112
CAFT2)N.24TAN 113

CAFT (3) .0.3 TAN 114
CAFT (43.0.5 TAN 115
CAFT (5)uO.63 TAN 116
00 17 Ku1.iM0S TAN 117
TTSUsITS(K3 TAN 118
GO TO(I89.20*21) .ITSU TAN 119

18 CONTINUE TAN 120
RGB(K) .A8S(Y(KNUT3*EL-ZG) TAN 121
IF(X(Kel)) 60960961 TAN 122

60 CONTINUE TAN 123
EOOY(K3.O.63 TAN 124
GO TO 29 TAN 125

61 CONTINUE TAN 126
GOBmRGB(K /2./X(K. 13/EL 'AN 127I
IF(GOB-2.05) 22.23923 TAN 128

23 CONTINUE TAN 129
PBILxO.O TAN 130
GO TO ?4 TAN 131

22 CONTINUE TAN 132
DO 25 Ju2.6 TAN 133
ITEMP aJ TAN 134

IF(GDB-GKOR(J)) 26.26.25 TAN 335
25 CONTINUE TAN 136
26 CONTINUE TAN 137

J - ITEMP TAN 138
PBIL= RFORE(J)-RFORE(J-1 )/(GKO8(J)-GKDB(J-1310(GDe-GKDB(J-1)34RFOTAN 339
IPE CJ-1 3 TAN 140
PBIL=RBIL*X (K. 13 EL TAN 141

24 CONTINUE TAN 342
A0G21 ./GD8 TAN 143
00 27 J*2,I1 TAN 144
ITEP4P x J TAN 145

IF(BOG-80K6(J)3 28.28.27 TAN 346
27 CONTINUE TAN 147
28 CONTINUE TAN 148

J = ITEmP TAN 149
FONEr(IJ3)-F(J-1)/RKGJ-OKGJ-fl BOO-DDKG(-1))FlJ-1) TAN 150
F2ALF'3 * TAN 151

EOOY(K32F2ALF*FONEEXP(-AEXORIL/ABSY(KNUT))/EL) TAN 152
GO TO 29 TAN 153

19 CONTINUE TAN 154.
00 30 J=I,NUT TAN 155
XI (J3zX(KtJ)OEL TAN 156
rI (j)uY(KtJ3*EL TAN 157

30 CONTINUE TAN 158
PRILxP0 (K) TAN 159
RGB(K).SOPTU(YI(NUT)-ZG)*2.XI(1)*2)-RRIL*(SORT(2.)-l.) TAN 160
8OG=2.*%I (13/ABSCYI (NUT)-ZO) TAN 161
00 31 Js2tl3 TAN 162
ITEP4P x J TAN 163

IF(BDG-8OKG(J)3 32932931 TAN 164
31 CONTINUE TAN 165
32 CONTINUJE TAN 166

J x ITEMP TAN 167
FONE=(FI(J)-FI(J-1))/(BOKG(J)-BOKG(J-133*(BOG-BDKG(J-1)).r1(J-1) TAN 168
EODY(K3'FONEOEXP(-AEXORBIL/ABS(YI(NUT))) TAN 169
GO TO 29 TAN 17O
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20 CONTINUE TAN 171

RG8(K)*A@S(Y(KNUT)*EL-ZO) TAN 172

BD~s2.*X(Kol)*EL/RGB(K) TAN 173

00 33 Jm2,5 TAN 174

ITEMP a J TAN 175
IF(BDG-BAFT(J)) 34934,33 TAN 176

33 CONTINUE TAN 177

34 CONTINUE TAN 178
J s ITEMP TAN 179

EDOY(K)=(CAFT(J)-CAFT(J-1))/(RAFT(J)-BAFT(J-1))(BDG-BAFTJ-)) CATAN 180

IFT(J-1) TAN 181
GO TO 29 TAN 182

21 CONTINUE TAN 183
RGB(K)O.0 TAN 184

EDDY(K)=O.O TAN 185

29 CONTINUE TAN 186
GO TO(40,40943943)*ITSU TAN 187

40 CONTINUE TAN 188

IF(X(K*2)-X(Kol)) 42.43,43 TAN 189
42 CONTINUE TAN 190

BRR(X(Kl)-X(Kt2))/(-Y(K%2)) TAN 191

ALFSATAN(BR) TAN 192

RDDRBIL/ABS(Y(KoNUT))/EL TAN 193

IF(ROD) 44944,45 TAN 194
44 CONTINUE TAN 195

F2(2)=0.855 TAN 196
F2(3)=0.765 TAN 197

F2(4)=0.682 TAN 198

F2(5)x0.646 TAN 199
GO TO 46 TAN 200

45 CONTINUE TAN 201

IF(RODO-0.0571) 47947 48 TAN 202
47 CONTINUE TAN 203

F2(2)=(O.745-O.855)/0.0571PDD+O.855 TAN 204

F2(3)=(0.670-0.765)/0.O571*ROD*0.765 TLN 205

F2(4)=(0.745-0.682)/0.0571*PDD0O.682 TAN 206

F2(5)=(o.915-0.646)/0.0571'RODO0.6
4 6 TAN 207

GO TO 46 TAN 208

48 CONTINUE TAN 209

IF(RDD-O.1142) 49,49,50 TAN 210

49 CONTINUE TAN 211

F2(2):0.74 TAN 212

F2(3)x(O.72-0.670)/(0.1142-0.0571)*(RDD-0.0571)*0.67 TAN 213

F2(4)=(O.89-0.745)/(0.1142-0.0571*)(ROD-0.0571).0.745 TAN 214

F2(5)=(1.34-0.915)/(0.1142-0.0571)*(RDD-0.0571l0.915 TAN 215

GO TO 46 TAN 216

50 CONTINUE TAN 217

IF(RDD-0.1713) 51,51,52 TAN 218

51 CONTINUE TAN 219

F2(2)=(O.70-O.74)/(O.1713-0.1142).(RDO-0.1142).0.74 TAN 220

F2(3)=0.72 TAN 221

F2(4)=(1.20-0.89)/(Q.1713-0.1142)*(ROD-0.1142)*0.89 TAN 222
F2(5)=(I.94-1.34)/(0.1713-0.1142)*(ROD-0.1142)*1.34 TAN 223

GO TO 46 TAN 224

52 CONTINUE TAN 225

F2(2)=0.7 TAN 226

F2(3)=0.72 TAN 22T

F2(4)=1.2 tAN 228

F2(5)zi.94 TAN 229

46 CONTINUE TAN 230

0O 53 J-2,5 TAN 231

ITEMP = J TAN 232

IF(ALF-ALF2(J)) 54,54,53 TAN 233

53 CONTINUE TAN 234

54 CONTINUE TAN 235

J ITEMP TAN 236
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F2ALFx(F2(J)-F2(J-1))/(ALF2(J)-ALF2(J-1))(A7-AL2(J-1))F2(J.I) TAN 21t
EDDY (K) uEODY (K) 'F2ALF TAN 238

43 CONTINUE TAN 239I
17 CONTINUE TAN 2-%0

RE T-JRN TAN 241
END TAN 242

C BIL 2
C --- VERSION 4 - CDC 6700 - R I L G E K - JUNE. 1972 -------------811 3

C BIL 4
SUBROUTINE B1LGEK(GX19THMSBKDoTBKD) BI

C BIL 6
C PROGRAMMER- F.E. DE NOOIJ9DNV BIL
C 811 8

COMMON AM(?7).NUT,NMASNOSST(25),DS(25htELELLX(25,8),Y(2598),PMBIL 9
IAS(27),X)AS(21),ZMIS(?7),RRG(27),XGZGTMASE144,E155,E166,E146,TP8IL 10
2STRF33.RM3S.RM55,)GMDIPKN,TVOL.ALFA(40,11) ,OETA('.o11,HDGIO)BIL 11
3,FN(5),8AM(30).CDG(10),SOG(10).OMAXOM1NNFPNOKNOBNOHOMEN(40),81L 12
4FR(7,6).XX(25,7),YY(25,7),DEL(25,7),SNE(25,7),CSE(25,7),EN1(25,7).BIL 13
5UNOMEGAID.TITO(12),WORDNON,IXASTHDGI(10).ITCBVCMCPRNTOP 811 14
COMMON STI(27),YMAS(27),REAMORAFT.DMAXIRMLIENDI8ILGEIPRES, 811 15
2VNY.GRAVAMODLMODAKEEILLBEAMKIITS(25) ,RD(25) .RFD(25) ,DELTADC25)BIL 16
?,RKD(2'3).SD(25,tCOSPHD(25),PHIO(25)tSTPP(25),THMD(SO) 811 17
COMMON NWSTPoINWSTP( 12) BIL 18

C 811 19
C THIS CALCULATION METHOD IS A MODIFICATION OF KATOS METHOD 811 20
C RwQADIUS OF BILGE CIRCLE AT STATION K 811 21
C RFzRISE OF FLOOR AT STATION K 811 22
C DELTAL=LENGTH OF THAT PART OF THE BILGEKEEL WHICH IS AT STATION K 811 23
C RKADISTANCE OF 'IIDDLE OF BILGEKEEL FROM THE MOMENTAXIS IN WATERPLABIL 24
C SuLENGTH OF GIRTH FROM THE ROOT OF 81LGEKEEL TO THE WATERSUPFACE 811 25
C AT STATION K 811 26
C COSPHI=COSINUS TO THE ANGLE MADE BY THE PLANE OF BILGEKEEL WITH RK 811 27
C PHI*ANGLE BETWWEEN RK AND WATERPLANE 811 28
C BEAMKL=BREADTH OF BILGE KEEL 811 29
C AKEEL=LENGTH Or 8ILGEKEEL 811 30
C 811 31

DIMENSION 58KD(27) 811 32
DO 703 KuI*NOS 811 33
PwRD (K) 811 34
PFxRFD(K) 811 35
DELTALxDELTAO(K) BIL 36
IF (DELTAL .LF. 0.) (30 TO 701 811 37

RKxRKD(K) 811 38
SRSD(K) 811 39
COSPHI-COSPHD(K) 811 40
PHI=PHIO(K) BIL 41
SHBEAM32.*X(Ktl)*EL 811 42
GK=ABS(Y(K.NUT) )OEL 811 43
Tu6.283185*SOPT (ELL/GRAV)/GXI 811 44
DRAUGT .6K 811 45
TETAM=THM 811 46
AKAPPA mR*(1.,RFSHBEAM)*02./SORT(0.5*SHBEAM*GK) 811 47
CK =1..3.5*ETXP(-9.*AKAPPA) 811 48
CO =1000.*(1 .440#03.8*PHI*03.) 811 49
ALABDA = R/(DPAUGT-(RF/SHREAH)*(SHBEAM-2..R)) 811 50
FUNLAB =1.340 SIN(3.1416*ALABDA/3.6)/(1..O.162* S1N(3.1416*(ALA881L 51
IDA-O.9)/1.8) ) 811 52
EPSIL=ATAN(2.RPF/SHBEAM) B11 53
O 2(0.50SHREAM * TAN(3.1416/4. -EPSIL/2.)PRF-GK).SIN(3.1416/4..EPBIL 54
IS11/2.) 811 55
PO = K - DPAIJGT/3. - 2.0 RF/3. 811 56
PONE.0.880(GK-DRAUGT-0.54* (SHBEAM/2.-(DRAUGT-RF) OTAN(3. 1416/4..EPSBIL 57
111/2.))) 811 58
8CIRC xCOSPHI + SO(O.PO-(PO-PONE)4FUNLAB)/2./BEAM4KL/RK 811 59
ZETA = 8EAMKL/(RK*PHI4*.75) 811 60
AN 1.4 +?.03*EXP(-25.*.E'TA) 811 61



ALPHA x 2.-AN BIL 62
REYNs8.OOEAMKLeRKOT.4P44X/ELL/ELL/VNY/6.2832.CAMODL/ELL)..2 OIL 63
IF (REYN-10.*03) 10.10911 OIL 64

10 CAul .95-0.25*ALOGCREYN)/ALOG(10.) .0.2OSIN(3.1416e(ALOG(REYN)/ALOG(BIL 65
110.)-2.19)/0.54) OIL 66
GO TO 7 BIL 67

11 CAR1. OIL 68
7CONTINUE OIL 69 '
F a RK*TETAM * PHI#*1.70/CT * SORT(OEAMKL)) OIL 70
FALFA= F**ALPHA BIL 71
CN a 1.98* EXP(-11.*BEAMKL/AKEELL) RIL 72
CS=CO/2.68/1000./FALFA BIL 73
SBKD(K)nGXIO2.e(RK/EL)e*3*THMe2.eDELTALOOEA4%L/ELL/ELL/3./3.141593B1L 74
IOCS*CAOCKOCN*BCIRC/TVOL OIL 75
SBKD(K)=2.OS8KD(K) OIL 76
TRKD=TBKD*SBOD(K) OIL 77

410 FORMAT(12E10.4) OIL 78
703 CONTINUE OIL 79

RETURN OIL 80
END OIL 01

C END 2
C -- VERSION 4 - COC 6700 - E N 0 S E P- JUNE, 1972-------------- END 3

CEND 4
SUBROUTINE ENDSEP(DA9089GXI.PAAPAVJJ) END 5

C END 6
C PROGPAHMER- 0. FALTINSENoNV END 7
C END 8

COMMON AM(27),NUTNMAS.NOSST(25),DS(25),ELELLsX(2598),Y(25.8),PMEND 9
1AS(27),XMAS(27),ZMAS(27).RRG(27),X6,ZGTMASE144,EI55,E166,E146,TPEND 10
2STRF33,RM35,RM55,OGMDIPKN,TVOLALFA(40,11),OETA(40,11),HDG(IO)END I1
3,FN(5),OAM(30),CDG(10).SDG(10),OMAXOMINNFRNO(,NO8,NOHOMEN(40),END 12
4FR(7,6),XX(25,7),YY(25.7),DEL(25,7),SNE(2597),CSE(2597),EN1(25,7),END 13
SUNOMEGAiOTITO(12),WORDNONIXASTHDGl(l0),IT.CBVCMCPPNTOP END 14
COMMON STI(27),YMAS(27),OEAMDRAFTDMAXIRRMLIENDIOILGEIPES, END 15
?VNYGRAVAMODLMODAKEELLOEAMKLITS(25),PD(25),RFD(2S),DELTAD(25)END 16
2,RKD(25),SD(25),COSPHD(25),PHID(25),STPRC25),THMD(50) END 17
COMMON NWSTP, INWSTP (12) END 1s
DIMENSION DA(696),DB(6.6),PAA(2S,7,6),PAV(259796),DADS(10),DDDS(IOEND 19
1) END 20

C END 21
FC NOS IS TEMPORARILY CHANGED TO IXAST IN THIS ROUTINE END 22

C END 23
NOSH=NOS END 24
NOS=IXAST END 25
nlIP=ST INOSI -TPST END 26

DO 54 1z1,NON END 27

FR (1.2) =-SNE (NOS, I) END 29)
FR(1I 3)=CSE(NOS, I) END 30
FR( I 4)=XX (NOS. I) CSE(NOS, I) YY COS I) *FR( 1,2) END 31
FR(195)=-OIP*FP(193) END 32
FR (1.6) DIP*FP (I 2) END 33

54 CONTINUE END 34
DO 55 LK=1,10 END 35
GO TO(613,613,613,613,613,613,614,615,616.617),LK END 36

613 CONTINUE END 37
LmLK END 38
M-LK END 39
GO TO 610 END 40

614 CONTINUE ED 4
LxS END 42
M=3 END 43
GO TO 610 END 44

615 CONTINUE END 45
L-2 END 46
M*6 END 47



GO TO 618 END 46

616 CONdTINUIE END 49q

L-2 END so
M04END 51

GO TO 618 END S?
617 CONTINUF END 53

L '6 END 5'.
M-4. END 55

618 CONTINUE END 56
DADS(LK)OO.0 END 57
DDDS(LKI .0.0 Elio 58
D0 619 JvI.NON END 59
DADSCLK)m D)AD5CLK).DEL(NOSJ).rQ(JL)OPAA(NOSJM) END 60

DODSCLK)' ODD5LK).DELCN0St,.)FPCJL)OPAVCNOSJ.M) END 61

DADSCLK) .?.O*DADSCLK)*DSCNOS) END 63

nDDS(LK)-.oO~fDsCLK)6DS(NOS) END 64.

55 CONTINUE END 65
DO 620 LmI.10 END 66
DADS (LI DA0S LI /TVOL/1IN ENDjf 067
DDDSCL)=PDDSCLI/TVOL/SOPTCIJN)'SOPTC2.) END f68

620 CONTINUE END 69
D0 621 Lm4-10 END 70
DADSC(L) =DA0S CL)*0.5*0.S END 71
DDSCL ( L I O=00c L0. s*0 .5 E ND 72

621 CON TI141IE END 73
"10 62? Lx7.Q END 74.

DADS CL) :OADS CL)*?. END 75
ADDS CL) =PDDS L)*?. END 76

6?2 CONTINUJE END 77
DA C?,?) DA(?,?)-FNCJJI /GXI..?/D)S(NOS)42.*DDDS(2) END 78
D99) =02IZAC,?).FN(JJI/DS(NOS)02.*DADSC2) END 79
DA (2,'.)=fDA C2,4)-FN(JJ) ,GxI.02/D)SCNOS) 2.*DDDS (9) END 80
D8C2.4)'D8C2,4) .FNCJJ),DS(NOS)02.ODADS(9) END 81
DA(2.6)2DAC?,61-FNCJJ)/Cx14*2/OSCNOS) '2..DDDS(8)-(FN(Jj)/Gxi) **2/DEND 82
1rS(NOS)*?.-nADSC2) END 83
DRC296I'D8(2.6) .EN(JJ)/D5CNOSIO2.@DADS(8)-CEN(JJ)/GXII*02/D5CNOS)eEND 84
12.*DDDS(2) END 85
)A (4,2)=DA (2t4) END 86
D8(492)=08(2.4) END 87
DAC'.,') =DA(494I-FNCJJ)/GxT**2/D)SCNOS) *DDDS(4) '2. END 88r D84,4)xD8(494) .FNCJJ)/DS(NOS)02.*DADSC4) END s9
DA(496)=DAC4,6)-FN(JJ)/GxZI2/D)S(NOS)2.DDS(1)-ENJJ)/GxI I'*2/END 90

IDS(NOS)*2.*'DADS (9) ED 9
D8(4.b)208C4,6) .FNCJJ)/DS(NO5)e2..OADSC10)-(FN(JJ)/xI)**2/O)S(N0S)ENO 92
1*2.*DDDS(9) END 93
DAC6,21=DA(6,?) -FNCJJI /GXI..?/DS(NOS)02.'DDD)S(8) END 94
DR(6.2)08C6,?)*FNCJJ)/DSCNOS)02.DADSC8I END 95
D&A(6,4I=DA C6t4)-FNCJJ) /GXI*02/DSCNOS) *2.*DDDS(10) END 96
D86,4)=08(6,4I.FN(JJ)/DSNSIODADS(10)*2. END 97
DA(6,6I:DA66-FNJJ)/GXI2/9S(N0S)02.*DDS(6)-CFN(Jj)/GXI)0*2/DEND 90

ISCNOS) O?.*DADS CA) END 99
D9(6,6)ZD9A-61 .FNuiJI/OS(NOSIO?.*DADSC6)-CFNCJJ)/GXI)002/DS(N0S)eEND 100
12.*DDDS(81 END 101
DA(3t3)=fDA(3,3)-FN(JJ)/GXI*O2/DS(N0S) *2.*DDDS(3) END 102
DBC3.3)mDB(3,3).FNCjj/DSNOS)*2.DADS(3) END 103
DA(593) 2DACS,3) -FN(JJ) /GX1002/DS(NOS) *2*DDDS(7) END 104
OB(5,3I=DBC5,3).FN(JJ)/DS(NOS)*2.DOAD5C7) END 105
DA(3t5)=DA(3.5) .CFNCJJIGXII ?2/DS(NOS)02.ODADSC3)-FN(JJ)/GXI*02/DEND 106
ISCNDS)*2.*DDDSC7) END 107
DBU3.5)2DRC3,5I .(FNCJJ)/GXII*?/DSCNOS)*2.*DDD)SCJI.FNCJJ)/DS(NDS)*END 108
12.*DADS(7) END 109
D)A(595)2DA(599)-FNCJJ)/GXIeo?/DSCN0S)O2.ODDDS5) .CFN(JJ)/GXI)'*2/DEND 110
ISCNOS) '2.*DADSC 1) END III
DA(5.5)=D8CS,5) EN(JJ)/DS(NOS)02.ODADSCS) .CFN(JJ)/GXI)*2/DS(NOS).END 112

12.*DDDSC7) END 113
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NOSwNOSH END 114
RETURN END 115
END END 116

C HYD 2
C -- VERSION' 4 CDC 6700 HY D P RE - JUNE, 1972--------------MHYD 3
C HYD 4

C SURPOUTINE HYDPRE(WN,80DREVPAAPAVGX1,PREREPRE4,JJM4, HYD 5
CHYD 6

C PROGRAMMER- 0. FALTINSENDNV HYD 7
C IIYD 8

COMMON AM(?7),NUTNMASNOSST(25).DSC25),ELELLX(2598),YC2598),PMHYD 9
IAS(27).XMAS(27),ZMAS(27),RPG(27),XG.ZGTMASE144,E15,E166,E146,TPHYD 10
2ST.RF33,RM35,RM55,DGMDIP.KN,TVOLALFA(40,11),BETA(40,11),HDG(1O)HYD 11
3,FN(5),BAM(30).CDG(1O),SDG(1O,.OMAX.OMTNNFRNOKNOBNOHOMEN(.O),HYD 12
4FR(7,6),XX(2597),YY(25.7),DEL(2597).SNE(25,7),CSE(25,7),ENI(25,7),HYD 13
5UN.OMEGAID.TITO(12),UORDNONIXAST.HDG1(1O),IT.CBVCMCPPNTOP HYD 14
COMMON ST1(27),YMAS(27),BEAMDRAFTDMAXIRRMLIEND.IBILGEIPRES. HYD 15
2VNY.GRAVAMOOLMODAKEELLOEAMKLITSC2S),RD(25).RFD(25),DELTAO(25)HYD 16
2,RKD(25),SD(25),COSPHD(25),PHID(25).STPP(25),THMD(50) HYD 17
COMMON NWSTP, INWSTPC 12) HYD 18
DIMENSION BOD(6,1),BEV(6,1),PAA(25,7,6),PAV(25,7,6),REP(I HYD 19
1493,tAIP(1493),PRERE(8914),PREIM(8914) HYD 20
COMPLEX PDIFRCPETII HYD 21
COMPLEX PP,00,DOOD,DEVEN HYD 22
Ilx(0.0,1.0) HYD 23

KPA=O HD 2
00 1 KIxlNOS HYD 25
IF(STPR(KI)) 29192 HYD 26

2 CONTINUE HYD 27
Kk4mKI-I HYD 28
KPzK I * HYD 29
KPA=KPA. 1 HYD 30

DO 3 K=KMKP HYD 31
CPmWNO(ST (K)-TPST)*CDG(M4) HYD 32
CPI=COS (CP) HYD 33
CP2=SIN(CP) HYD 34
CPET=(CP1 .II*CP2) HYD 35
DIP=ST CK)-TPST HYD 36
DO 4 JS=192 iIYD 37
GO TO(5t6)*JS HYD 38

b CONT INUE HYD 39
CSP:1 .0 HYD 40
00 TO 7 NYC) 41

6 CONTINUE HYC) 42
CSP=-1 .0 HYC) 43t

7 CONTINUE HYC) 44
00 8 J-1,N0N NYC) 45
FR(J,1)-ENI (KtJ) HYC) 46
FR(J92)=-SNE (KJ)OCSP HYC) 47

FR(Jt3)=CSE(KtJ) NYC) 48
FR(J,4h= XX(KJ)OCSE(KJ)@CSP-YY(KJ)*FP(J,2) HYC) 49
FR (J*S)=-DIP*FR(J,3) HYC) 50
FP(J96) =DIP*FR (J92) HYC) 51
PET=EXP(WN*YY(KtJ)) HYC) 52

APG=WN*XX (KgJ) 'CSP*SDG(MM) NYC) 53

FS=SIN(APG) NYC) 55
PP=FR (J,3) HYC) 56
PP=PP.I I'FR(J,1 )*CDG(MM) NYC) 57
OO=I I.FP(J92)*SDG(MM) NYC) 58

D)0001PP*FC.II.OO*FS)C(GXI*SORT(0.5*WN)/UN) NYC) 59
DEVEN=(O*FCI*PPFS)i(GXISRT(0.5WN)/UN) HYD 60
POIFPR=-(CEVENCMPLX(PAA(KJ2)PAV(KJ2))OCSPFR(J.2)DCDDCMPLX(Y) 61

IPAACKJ,3),PAV(KJ3))*FRJ3))OPETOCPET NYC) 62
PCIFRPCIFPD0DDCMPLX(PAA(KJ,)PAV(KJ,))F(J,)PET*CPET HYC) 63
PPDIF=REAL (PDIFR) HYD 64
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AIPDrUAIMAG(POIFA) HYD 65
REP9iOuPAA(KJ. 13*800(1.1 .CSPePAA(KJs2) OUEV(1,1).PAA(K.J,3)eSO(HYI3 66
l,1)*..5(CSPOPAA(KJ,4)e8EV(291).PAA(K,)O800(3,1).CSPOPAACKJ,6HYD 67
2)'BEV(].1) )-PAV(K.J.1)*O0G(4.1)-CSPOPAV(KJ,2)OSEV(491)-PAV(K.J,3)HYD 68
3*ROD(5,1)-0*5.(CSP.PAV(KJ,4).REV(5,1) .PAV(KJ-51.U0O(6.1 ) CSP.PAVHYD 69
4(K*J*6)*8EV(691)) HYD 70
AIPMOSPAV(IK.J, 1)8OD(1 .11 CSPePAV(KJ,2)8BEV(1,1 ) .QAV(KJ,31 *8002HrD 71
1,11.O.5e(CSPePAV(KJ,4)OBEV(2,1).PAV(KJ.5)OROD(3,1I.CSPePAV(K.J6HYD 7Z
2)*BEV(3.1) )4PAA(K,J,1)OfIOD(491) .CSPePAACKJ,2beREV(491).PAA(KJ 1pYD 73
3*BOD5.fl .0.5*ICSP.PAACKj.4)08EV(5,1).PAA((,j,5l*BOD(691) 4CSPOPAAHYD 74
'.(KoJ96) *8EV(6vI)1 HYD 75
J~uJ#NONO (JS-1) HYD 76
KI(MiP(-IKm. HYD 77
PEP (JmvKKPM) RPDIF*REPMO HYD 78
AIP(J4*K0)mAIPDF*AIPMO HYD 79

8 CONTINUE HYD s0
4 CONTINUE HID 81
3 CONT14UE HID 82
00 9 JSu1.2 HYD 83
GO TO(10*11)*JS HID 84

10 CONTINUE HID 85
CSPz1 .0 HYD 86
GO TO 12 HID 87

11 CONTINUE HID 88
CSP-1.0 HID 89

12 CONTINUE HYD 90

DO 13 Jz1,NON HYD 92
Jm2J. CJS-I) *NON HYD 93
'4uMM HYD 94
PPEpE(K~PAJM)nQEP(JM9?) -FN(JJ)/GXI/DS(K(1)O(AIP(JM93) -AIP(JM9I) )HYD 95
1.EXP(wNOYY(K,J))COS(WN(ST(K)-TPST)*CDG(MM),CSPOWNOXX(KJ)SDG(x)HYD 96
2)-(BOD(291).CSP)XXU.J)/2.REV(21)-0.5iST(1K)-TPST)8BOD(3,1)) HID 9?
PQEI4(KPA,JU) uAIP(JPm,2) *FN(JJ) /GXI/DS(K1 )*(PEP(J4,3) -REP(JM, 1) )HYD 98
1.EXP(WNY(KJ)SIN(WNO(ST(K)-TPST)OCDG(MM)*CSPOWNXX(KJ)SDG(M)HYD 99
21-(BOD(591).CPXX(Kj)/2.EV(591)O0.S(ST(K)-TPST)BOD(691) ) HYD 100

13 CONTINUE HID 101
9 CONTINUE HYD 102
1 CONTINUE HYD 103
RETUP4 HYD 104
END HYD 105

C PRs 2
C -- VEPSION 4 - CDC 6700 - P P E S T - JUNE* 1972---------------- PRS 3
C PPS 4

SUBPOUTINE PPESTCPPF339PRM359PPMSSPC44) PPS 5
CPRS 6

C PPOGPAMMER- 0. FALTINSEN90NV PRS 7
C Pp5 8

C COMMON AM(27)hNUTNMASNOSST(25),DS(25),ELELLX(25,8),Y(25,8),PMPRS 9
IAS(27),XMAS(27),ZMAS(?7),RRG(27),XGZGTMAS.E144,EISSEI66,EI46,TPPPS 10
2STPF33,PH35,RM55,DGMDIPI~,NTVOLALFA(40911),8ETA(40,11),HDG(I0)PRS 11
3jrN(5),93AM(30),CDG(10),SDG(10),OMAXOMINNFPNOKNOBNOHOMEN(40),PPS 12
4FP17,6),XX(?5,7),II(297),DEL(2597),SNE(2597),CSEC25,7),EN1(25,7),PPS 13
5U4,OMEGAIOTITO(I2htWOPDNON.IXASTHDGIC1O),!TC8VCMCPQNTOP PRS 14
COMMON ST1C27liYMAS(27),BEAIADPAFTDMAXIRRMLIENDIBILGEIPRES, PRS 15
2VNY,GRAVAWODLMODAKEELLBEAMKLITS(2S) .PD(?5) ,RFD(25) ,DELTAD(25)PRS 16
2,PKD(25) ,SD(25),COSPHn(25) .PHID(25) ,STPR(?51 ,THMD(50) PR5 17
COMMON NWSTP*INWSTP(12) PRS 18
DIMENSION SS(?7)tHBM(?7)*SHR(27)oHS8(27) PpS 19
DIMENSION H83(27) Pps 20
NMADK * 1 Pps 21
NMUD=K*2 PRS 22
HR3( I 20.0 Pps 23
SS(1 = ST1(II/1. PR5 24

SS(NMUD)xST(K) .0.50DS(K) Pps 25
H9M( I )O.O PRS 26
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IF(K-NOS) Z*393 PRS 27
2 CONTINUE PRS 28

H83 (NMUD)*2.*X(K*1I)0*3 PRS 29
H8M (NMUD)=X(K, 1) PRS 30
GO TO 4 PRS 31

3 CONTINUE PR5 3?
HRMCNMtJD)*O.O PRS 33f
H83 (NmUD) uO.0 PRs 34

4 CONTINUE PRS 35
00 1 J.2*NMAO PRS 36
Iplz-1- PPS 37
SS(J)=STCIPI) PR5 38
HM1(J)zX(1P1,1) PRS 39
HB3 (J) 22.*X CWI * ) *03 PPS 40

1 CONTINUE Pps '4)
DO 5 J-19NMUD PRs 42
SPD=SS (J) -TPST Pp 43
SHB U) zSPD*HBM (J) PPS 44
1458(J) ISPDOSHBCJ) PpS 45,

5 CONTINUE PRS 46
FPCP4=SIMPUN (SSHB39NMUD) PS 4
PCBV=0.S*SIMPUN(SSAMNMUD) /TVOL PPS 48
PC44=PC8V4PPCM/3.0/TVOL*0 .5 PRS 49
PRF33=4.0*SIMPUN (SSHBMNMUD) /TVOL Pps s0
PRM35=-2.0.SIMPUN(SSSH8,NMUD) /TVOL PPS 51
PRm55=SIMP1jN ('SSHSBNU) /TVOL PRS 52
RE TURN PRs 53
END PR5 54

C VIS 2
C -- VERSION 4 - CDC 6700 - V I S C - JUNE, 1972 ----------------- VIS 3
C VIS 4

SUBROUTINE VISC(GXI9VvTVD*THMEDDYRGB) VIS C;
C VIS 6

C PROGRAMMER- 0. FALTINSENDNV VIS 7

COMMON AM(27),NUTNMASNOSST(25),DS(25),ELELLX(25,8hY(258)PtIVIS 9

IFR(27)XXA(27),YY25,)(27)RG25,)E7)),CTM S44E257)EI(2S,7)TVIS 13
2SJNUMEGAIDTIIU(1G),~lRDoNIX~LASTHDG1(10), TA8VCMCPRNTOP VIS 14

COMMON STIC27),YMASC27),BEAMDRAFTDMAXIRRMLIENDIBILGEIPRES, VIS 1;

?.RK(D(25),SDC25),COSPHD(25),PHID(25),STPR(25),THMD(50) VIS 17
COMMON NWSTPINWSTP(12) VIS 18
DIMENSION VD(27) VIS IQ
OIMENSION EDOY(27) VIS 20
DIMENSION RGB(27) VIS 21
DIMENSION XI(8)qYI(8) VIS 22

C VIS 23
C THIS SUBPOUTINE CALCULATES SKIN-FRICTIONAL AND EDDYMAKING ROLL-DAMPVIS 24
C VIS 25

PI=3. 141593 VIS 26
TVD=0.0 VIS 27
00 2 KrI,NOS VIS 28
PG=RGB (K) /EL VIS 29
PskUp~0.0 VIS 30
DO 3 J=ItNON VIS 31
PSUR=PSUR.0EL (KgJ) VIS 32

3 CONTINUE VIS 33
PSUR=PSUR*DS(K) *2. VIS 34
DO 11 JxlqNUT VIS 39
XI (J)=X(K*J) VIS 36
YI (J)=Y(KgJ) VIC) 37

11 CONTINUE VIS 38
SOAR=2.*ABS(SIMPUN(YI ,XINtT) I VIS 39
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DKnARS(Y(KNUT)) VIS 40

RMK-2.*BMAX(NUT*XI) VIS 41

CA-SOAR/BMK/DK VIS 42

RS3./PI*((0.87*0.145CA)0(1.7DK#CAeRMK)2.ZG/EL) VTS 43

PMOAR2RS*03ePSIIR VIS 44

PARPMRS*02 VIS 45

RNu3.22/8./PIOGXI@PARMOTHM@*2/VNY@(AMODL/ELL)OO2 VIS 46

VA2O.O VIS 47

GO TO(4,5).MOD VIS 48

5 CONTINUE VIS 49

VA2x0.OI4*PN**(-0.I14) VIS so

4 CONTINUE VIS 51

VA=1.32A*RN*e(-O.S)*VA2 VIS 52

VD(K)=I./6./PI.PMOAR.THMOGXT/TVOLOVA VIS 53
VO(K)2VO(K)*I./6./PI*PSURORGO63*THMOGXI/TVOLOEDDY(K) VIS 54

VO(K)z?.*VD(K) VIS 55

TVD:TVD.VD(K) VIS 56

2 CONTINUE VIS 57

RETURN VIs 58

END VIS 59

C ATD 2
C ---- VERSION 4 - COC 6700 - A T A N 2 0 - JUNE, 1972 ------------ ATO 3

C ATO 4

FUNCTION ATAND (8.A) ATO 5O
C AIO 6

C PROGRAMMER- W, mEYERS,NSRC ATO 7

C ATO 8

C ---- ARCTANGENT FUNCTION TO COMPUTE ANGLES (IN DEGREES) IN ANY -------- ATD 9

C - Q---- OUAORANT. THE B ARGUMENT IS THE IMAGINARY VECTOR. THE A -------- ATO 10

C ---- ARGUMENT IS THE REAL VECTOP.- -------------------------------------- ATD 11

C ATD 12

DATA EPS /I.E-10/ ATD 13
IF (B .EO. 0.) ATAN2D = 0. ATD 14

IF (8 oGT. 0.) ATAN2D x 90. ATD 15
IF (B .LT. 0.) ATAN2D x-90. ATD 16

IF (ABS(A) GT. EPS) ATAN20 a ATAN2(-9A).57.295779 ATO 17

RETURN ATO 18

END ATD 19
C BMX 2

C ------ VERSION 4 - CDC 6700 - 8 M AX - JUNE. 1972 ----------------- BMX 3
C BMX 4

FUNCTION BMAX(NUT,XI) BMX 5

DIMENSION XI(1) BMX 6

AxXI(I) BMX 7

IF (NUT °EO. 1) GO TO 20 BMX 8

DO 10 I=2NUT BMX 9

IF(XI(I).GT.A) AxXI(I) BMX 10

10 CONTINUE BMX 11

20 RMAX=A BMX 12
RETURN BMX 13

END BMX 14
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DTNSRDC ISSUES THREE TYPES OF REPORTS

(1) DTNSRDC REPORTS, A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNICAL VALUE, DESIGNATED BY A SERIAL REPORT NUMBER.

(2) DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, RECORDING INFORMA-
TION OF A PRELIMINARY OR TEMPORARY NATURE, OR OF LIMITED INTEREST OR
SIGNIFICANCE, CARRYING A DEPARTMENTAL ALPHANUMERIC IDENTIFICATION.

(3) TECHNICAL MEMORANDA, AN INFORMAL SERIES, USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS, NUMBERED AS TM SERIES
REPORTS; NOT FOR GENERAL DISTRIBUTION.


